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THE OBSERVATORY, 

A MONTHLY REVIEW OF ASTRONOMY. 

No. 13. MAY 1. 1878. 

MEETING OF THE ROYAL ASTRONOMICAL SOCIETY. 

Friday, 12th April, 1878. 

Lord Lindsay^ President, in the Chair. 

Secretaries : Mr. J. W. L. Glaisher, F.R.S.» and 
Mr. A. CowPER Ranyard. 

The Minutes of the last Meeting were read and confirmed. 

Mr, Olaisher announced that 66 presents had been received by 
the Society since the last Meeting in February, none of them 
calling for special notice, excepting a number of volumes of 
Transactions which had been sent by the Vienna Academy to com- 
plete the Society's set, which had hitherto been very deficient. The 
thanks of the Society were voted to the donors. 

Capt. Abney read a paper on Photography at the least refrangible 
end of the solar spectrum, and exhibited, by means of the oxy- 
bydrogen light, a number of beautiful photographs of the ultra-red 
end of the spectrum, in which numerous lines beyond A were shown 
exquisitely defined. The first photograph shown was obtained with 
a spectroscope having three prisms of dense flint, an orange-coloured 
glass being placed in front of the slit to cut off scattered light from 
the green and blue rays. In this photograph the spectrum with 
numerous fine lines could be traced to a wave-length of at least 
10400 tenth-metres, or as far beyond A (7600 tenth-metres) as that 
line (the limit of the visible spectrum) is from F. But, on account 
of irrationality of dispersion, the red end is much compressed, and 
recourse was therefore had to a diffraction-grating. A photograph 
of the spectrum between C and A, taken with it, was exhibited for 
comparison with Prof. Piazzi Smyth's drawing of the same part ; 
and then a plate of the ultra red, in which a remarkable group of 
lines, about 8400, and another group at 10,000, were shown. These 
were taken with exposures of 15 and 20 minutes respectively. 

Capt. Abney described his process as a weighting of the molecules 
of silver bromide either with resins or, in his later experiments, 
with silver bromide itself, so as to form double molecules ^ but he 
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could not easily explain it, as it was rather a matter of manipulation 
than of chemical constitution. In illustration of this a plate coated 
with the sensitive salt was shown, which appeared hlue hy trans- 
mitted light, but on being rubbed with the finger became of a strong 
red hue. A plate in this latter state, which had been exposed to 
the whole spectrum, was shown on the screen, and the red was seen 
to be as dense as the blue, whilst the yellow was altogether wanting. 
Another plate similarly exposed immediately after, but prepared in a 
different manner, showed a much more vigorous image in the yellow 
than in the red. Capt. Abuey also referred to the oxidizing effect 
of the red rays as offering an explanation of the reversal of the 
spectrum of the red end, and showed a photograph which had first 
been slightly exposed, and then submitted to the spectrum in an 
oxidizing solution. In this case an ordinary image was obtained of 
the blue end and a reversed image of the red, the lines being 
transparent for the former and opaque for the latter. It was this 
oxidizing action which caused the difficulty of photographing the 
red rays, as no image is formed where it predominates. In con- 
clusion, Capt. Abney trusted that this communication would be 
accepted as a redemption of the pledge implied in his preliminary 
note on the same subject. 

The President, Before asking the Society to express their thanks 
to Capt. Abney for his most interesting paper, I would invite discus- 
sion from those present. I think Dr. De La Rue has given great 
attention to this subject. 

Dr, De La Rue. I think Capt. Abney has done wonderfully good 
service in promoting the power of photography by extending its 
range to the ultra red. It will be remembered that M. Becquerel 
some years ago produced a photograph in colours. Unfortunately 
it would not l^ar exposure to the light But the wonderful power 
which Capt. Abney has over the chemicals which he employs, and 
his knowledge of their physical constitution, lead me to ask whether 
he himself has worked in the direction of producing coloured photo- 
graphs. I would also ask another question, and he will perhaps 
kindly answer both at the same time. Latterly, in America, Dr. 
Draper, Jun., the son of that most distinguished physicist who did 
so much to develop the powers of the Daguerreotype, has been 
working to obtain the spectrum of oxygen in the Sun ; and I would 
like to know whether Capt. Abney has any thing that he can adduce 
in confirmation of the remarkable work of Dr. Draper. 

Capt. Abney. In my paper read at the Roval Society I men- 
tioned that I have every reason for believing that those coloured 
photographs are simply states of oxidization of the photographic 
image ; and I think I can produce them at pleasure in the same 
way as I produced these photographs at pleasure. That is a matter 
which I do not care to enter into at present. With regard to the 
oxygen of the Snn, far be it from me to pass any criticism upon Prof. 
Draper, except upon one point, which is not connected with oxygen 
in the Sun ; and tnat is, that last year Dr. Draper, Sen., kindly noticed 
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my work as regards the spectrum, and said that it would be rery 
much better if I would leave off trying to take proper negatives of 
the red end of the solar spectrum, and stick to his plan of getting 
reversed negatives ; and he suggested that some people should pay 
more attention to this particular subject, as to the reasons that this 
reverse action took place. I have been for a long time trorking 
at the subject, and the result is that I think I have satisfactorily 
answered Prof. Draper's demand that something should be known 
of the reason for the reversing of the action on the red rays of the 
spectrum. 

The Preeident. The subject of these photographs of the red end 
of the spectrum is one of such great interest that I would ask Capt. 
Abney how he manages to focus for those invisible rays. £ suppose 
it is a matter wholly tentative ; but at the same time there was one 
negative thrown on the screen in which the red end and the violet 
end of the spectrum were also to be seen. I understood Capt. 
Abney to say that the blue end of the spectrum was cut off. 

Capt. Abney, All the blue was cut off by the red glass, so that 
there was nothing but the red that you saw. 

The President. I understood you to say that the yellow was cut 
off, and I wanted to ask how you managed to focus it all on 
your plan. 

Capt. Abney. I may say it is not in focus. It was only a tenta- 
tive experiment to see the relative sensibility of the blue and the red. 
I should like to call your attention to Prof. Piazzi Smyth's map, 
which I hope will be compared with the photographs, and I think 
you will see that there are even more lines than Prof. Smyth has 
shown. In the ultra red there are lines which I do not think any- 
body has seen at all. I did not see them until a short time ago ; 
and* I was astonished at the different beautiful groupings that pre- 
sented themselves. When you come to wave-length 12000 the 
groupings are very remarkable indeed, so much so that I had 
hesitated to bring them forward to-night at all. 

The President. When you got the locality of those peculiar 
lines, did you try any temperature experiments with them ? did you 
find, by the thermopile, whether there was any aggregation of heat 
at such a great distance from the known action of heat ? 

Capt. Abney. I am undergoing what may be called a process of 
pumping. Thermopile experiments are part of my programme. 
The focussing of the ultra red is, I may say, a matter of the very 
greatest difficulty. Only last night I found, in my laboratory, that 
somebody had moved my condenser ; and the consequence was that, 
when I tried to get a photograph of one particular line, I found that 
I was nowhere. The condenser had been shifted, and I could not 
get the photograph anywhere near the focus. It is merely a matter 
of trial and error. It has been calculated by the radius of the circle, 
but practically it is not true. 

Mr. Ranyard. May 1' ask Capt. Abney two questions? In one 
of the photographs whicli he has shown to-night the lines are as 
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sharp as if they had heen drawn with pen and ink ; may I ask 
whether that was an actaal photograph of the spectrum, or a photo- 
graph of a drawing ? 

Capt, Abney, It was a genuine photograph of the spectrum. 
Some people said it was a photograph of a drawing ; hut I think any- 
body who examined the internal evidence would see that it is a true 
photograph of the spectrum of the ultra-red rays. 

Mr, Ranyard. You said that they were taken with a diffraction- 
grating : were there any other spectra, or had you isolated a parti- 
cular spectrum, which you photographed ? 

Capt, Abney, I tried to explain that in my paper. I separated 
one from the others by the old method of the prism, and the others 
were cut out entirely. 

The President. I am sure that the Society will give their most 
cordial thanks to Capt. Abney for his most interesting communi- 
cation. I may only add that when communications of such interest 
come before the Fellows, the Fellow communicating such things 
must not mind a little cross examination or pumping. No doubt to 
be pumped is not always pleasant ; but it is very pleasant for those 
who get information by the action of the pump-handle. 

Dr, Be La Rue, Will the President permit me to make one re- 
mark ? — that, fortunately for us, the well is not dry. 

A Tote of thanks to Capt. Abney for his interesting paper was 
carried unanimously. 

The President, I have received a communication from M. Fizeau 
of Paris. At least, it was sent as a communication to the Scientific 
bodies of England in general, requesting that it might be made known 
to them that proceedings are being taken in France for the erection 
of a memorial to the late M. Le Yerrier. It is in these terms : — 

" From the President of the Committee for the erection of a Statue 
to M. Le Yerrier, the late Astronomer of Paris, to the 
Astronomer Royal. 
'* 1 am desired to inform you that a Committee has been formed 
to honour the memory of M. Le Yerrier, and to collect subscriptions 
in order to raise a monument to this eminent Astronomer. The 
Committee at present consists of the President, the Yice-President, 
the two permanent Secretaries, and a great number of the members 
of the Academy of Sciences. I have therefore the honour to ask 
your permission to place your name upon the list of members of 
this Committee ; and I ask you if it will be possible for you to aid 
the work which we have undertaken in bringing before, and recom- 
mending it to all the Scientific world amongst whom you move. 
*' I have the honour to be, Sir, your obedient Servant, 

" H. Fizeau, President of the Academy of 
Sciences, and President of the Committee. 

** Letters on this subject should be addressed to the Secretaries of 
the Institute of France, where a bureau for registering subscrip- 
tions is open.'' 
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It is as well that this paper should appear in the * Monthly Notices/ 
and then any Fellow of the Society who likes to contribute his 
mite towards raising a statue to so great a man will have ample 
facilities for doing so. 

The Astronomer Boyal. I think it desirable that the Society 
should consider what has been done in other cases of a similar 
character, two or three of which have occurred in my time. One 
was the erection of a monument to Sir Isaac Newton at Grantham, 
on which occasion I am not aware whether any step was taken to 
solicit the contributions of foreign members of the Society. I speak 
under correction, but I certainly think that what was done then was 
done entirely by Englishmen. In a much later case, that of M. 
Gauss, circulars were addressed to many persons in England, but I 
do not think that much, if any thing, was done in this country. My 
own view, at the present moment, of the feeling to be entertained in 
matters of this kind, is a feeling of local pride in reference to the 
education and nutrition and ultimate welcome given to the men who 
have distinguished themselves in science in any countr]^ by the scien* 
tific persons of that country. There is one thing of which I am quite 
sure, that any person who knows what has passed in the last 20 or 30 
years in the intercourse between the two nations can have no doubt 
as to the high appreciation that I entertain for that monster of science 
M. Le Verrier. I am speaking entirely in an abstract way with re- 
gard to the exclusive claim which it may be considered that each 
nation has to the celebration of its own men of science. 

The President. The suggestion has been brought forward that 
the Society should subscribe to this ; but I fancy that that would be 
impossible, as by our charter we should not be permitted to devote 
our funds to such an object, however worthy. 

Mr. Ranyard read a paper from Mr. Ellery on observations of the 
polar and equatoreal diameters of Mars near its opposition in 1 877. 

Mr. Christie. I have received a letter from Mr. Ellery in which 
he mentions incidentally that he has made a number of drawings of 
Mars which he will be happy to send to the Society if they are 
likely to be of any use ; but at the same time he said that he found 
the definition was generally very bad indeed ; and, so far as I can 
gather, he seemed to think that the planet Mars was rather an 
unfavourable subject for telescopic study. 

Mr. Jenkins read a paper on the luminous spot on Mercury in 
transit. 

In the paper the author divided the transits of Mercury into May 
transits and November transits. He found that of those which had 
occurred within the last 170 years, there were thirteen upon which 
some observations had been made in regard to the luminous appen- 
dages ; but, to come nearer to our own time, there were in aU six 
within the last 45 years, of which four had occurred in November 
and two in May, and that a May transit had not occurred since 
1845. He believed that this division of transits would throw con- 
siderable light on the subject, because Mercury was in two opposite 
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points of iU orbit in these two months — in November being only 
about five days from perihelion, and in May about ten days from 
aphelion. 

After a careful consideration of the whole of the avulable evidence, 
Ihe author drew the following conclusions : — 

1. That in the May transits the luminous spot on the disk is in 
Hdvance of the planet, preceding the centre ; but in the November 
transits it follows the centre. 

2. That the luminous spot has never been seen at the centre, but 
always a little south of it. 

3. That sometimes in the same transit two spots have been seen 
close together, where shortly before only one was seen. 

4. That in the May transits the rings round the planet were dark 
or nebulous and of a violet tinge ; but in the November transits 
they were bright. 

.'>. That if we take the two transits which have received the most 
careful observation (the May transit in 1 832, observed by Professor 
Moll, and the November transit in 1 868, observed by Dr. Huggins), 
we find the contrast very great and very typical — in the former a 
diffused spot preceding the centre, with dark ring surrounding the 
planet ; in the latter a sharply defined spot following the centre, with 
a bright ring surrounding the planet. 

The author therefore concluded that on May 6th next the lumi- 
nous spot will not be a point of light having no sensible diameter, 
but rather diffused, with a periphery not well defined, gradually 
sinking from a greyish white to the dark colour of the disk, situated 
a little in advance of the centre and to the south of it, and that the 
planet will be surrounded by a dark nebulous ring, not a bright one. 

7 he Astronomer Royal, Speaking in the interest of the Royal 
Observatory, I was somewhat surprised to find that there is no 
citation of the observations made at Greenwich in this account of 
Mr. Jenkins. Our observations get locked up to a certain degree in 
the volume published annually by the Observatory ; but I should have 
thought that they would have been searched out, as there were 
observations in one instance certainly, and I think in two instances. 

Mr. Chambers, I must express a sanguine hope that the ' Mot thly 
Notice * containing this very interesting and useful paper will be pub- 
lished so as to be in our hands before the 5th of May next, if possible. 

Prof, CayJey, It is almost an impossibility to bring out the 
' Monthly Notices ' sooner, even if it is a long month, as the last one 
was ; but next month being shorter, I think it will not be practi- 
cable to bring it out much before the ordinary time, though I will 
do my best to do so as early as possible. 

Capt. Noble, A well-read man, as Prof. Cayley is, will not need 
to be reminded of what the first Napoleon said about the word 
•* impossible.'' 

Mr, Chambers, Supposing it not to be possible to have the 
' Monthly Notices ' complete, so as to be in the hands of the Fellows 
by the time of the transit, it strikes me that Mr. Jenkins's observa- 
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lions are so en:ineiitly practical and bo eminentlj likelj to be useful 
to obserren, that I venture to suggest that his paper should be 
separately distributed for the use, at any rate, of those Fellows who 
have observatories and telescopes. 

The President. It would be perfectly within the power of the 
meeting to order that any paper of peculiar speculative interest 
should be printed and circulated amongst the Fellows, or amonest a 
certain number of them. I think in all probability it would be a 
very important paper to circulate. I deeply regret that I forgot to 
bring the matter before the last meeting, which I had intended 
doing, viz. to have asked that some of those gentlemen who had 
observed the transit of Venus in the Government parties should have 
met together, and drawn up a short table of recommendations to 
Astronomers in this country, as to the best method of taking 
observations of the transit of Mercury. If that had been done, the 
report or recommendations of the Sub-Committee might have been 
issued at the same time as Mr. Jenkins's paper. I believe the 
Superintendent of the American Nautical Almanack has issued a 
circular* but I have not had the pleasure of seeing it. 

Mr. Batiyard. It does not contain suggestions with regard to 
physical observations like Mr. Jenkins's. It would also be of 
great interest if suggestions were made with regard to physical 
observations, especially before the planet comes upon the Sun as 
well as after it has entered upon the Sun. 

Mr. Knobel. The circular issued from Washington with sug- 
gestions for observing the transit of Mercury contains merely sug* 
gestions to inexperienced observers, defining the method that they 
should adopt for securing the right time of the various phenomena ; 
and it contains a diagram constructed to scale, so that they might 
observe to scale the apparent size of Mercury on the disk of the 
Sun, and mark the first contact with the disk according to the 
diagram. 

The President, It seems to me a very convenient and practical 
thing, and well worthy of emanation from America; and it is a 
great pity that we did not get it beforehand. 

Capt. Noble. We have a precedent for issuing things of this 
sort. I am an old Fellow of the Society, and I recollect that when 
a comet appeared we used to have little post-cards sent about. That 
seems to be a custom which is more honoured in the breach than in 
the observance now-a-days. 

The Jstronomer Royal. I may make this notification to the 
Society. The transit of Mercury comes on on the 6th of May, It 
so happens that, in consequence of the completion of the observations 
for the transit of Venus, and the return of a large part of the 
apparatus which was required for them, we have at our disposal a 
large number of telescopes at the present time. I am not able to 
allow them to gu outside the precincts of the Observatory ; but if 
any gentlemen wish to watch that portion of the transit which is 
observable in these localities, and should be disposed to view it 
within the Observatory, I can afford accommodation, 1 think, to 
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about ten. We have at the present moment, besides the telescopes 
attached to our own staff, and which would be occupied by them, 
five refractors of 6 inches and the others 4 inches or thereabouts. 
If there are amateurs here who would be disposed to come to 
Greenwich to the Observatory grounds in such places as I can 
locate them in, I will do the best £ can for them, if they will give me 
a fortnight's notice. I think there are several gentlemen present 
who are sufficiently familiar with the course of the phenomenon, and 
with what is requisite to make useful observations. I can give them 
outdoor accommodation for about ten telescopes, with a chronometer 
to each, with benches and tables and the like. 

Mr, Beck. I think the remarks of the Astronomer Royal show 
how desirable he thinks it that these observations should be made, 
seeing that there is nearlv a century before this occurrence will take 
place again. I should have been obliged if some of those who are 
so well qualified to give information could have issued a short 
pamphlet to the Astronomers in the country, because we know the 
uncertain character of our climate, and whilst the Sun may be 
obscured here, it may be all that may be desired for observation in 
other parts of the country. Such a pamphlet might be issued and 
sent to those who have instrumental means at their disposal to 
observe this interesting event. 

The President I think, if the Society will place confidence in 
me, I will endeavour to get up such a circular embodying the neces- 
sary information in a few short words, and making it as clear as 
possible to those who are not very well up in instrumental use. I 
can only say, on behalf of the Society, that I feel sure they will 
accord their warmest thanks to the Astronomer Royal for his most 
generous offer. If I were not going to Scotland for the purpose of 
observation, I should be amongst the first to ask for his accom- 
modation. 

The Jstronomer Royal, I have had occasion very pointedly to 
remark the difi^erence between observations made at two places 
actually within sight of each other. On the occasion of the Eclipse 
of 1842 I was enabled to see it very well, but my friend M. Plan- 
tamour, within sight of the place, did not see a particle of it. 

The President, I can speak feelingly on that point, for when 
I was in Mauritius I went to that portion of the island which was 
supposed to ^be clear at all times. There was another portion of 
the island in which the Sun was scarcely ever seen for cloud. On 
my end of the island there was cloud pretty nearly the whole time. 
I had only 86 minutes of sunlight out of 4 hours ; whereas in the 
other place, which was very nearly visible from the elevated plateau 
where I was, they saw the whole transit right through. 

The thanks of the Society were unanimously voted to Mr. Jenkins 
for his interesting paper, and also to the Astronomer Royal for his 
generous offer. 

Mr, Green, Professor Schiaparelli has sent me some very inte- 
resting drawings of the planet Mars ; and I have also been favoured 
with two letters with four drawings of the planet. Both letters are 
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on a matter of very great interest, being no less than the proposition 
that very great physical changes have taken place on the surface of 
the planet since the time of last opposition. The first letter from 
the Professor, after some pleasant complimentary remarks, mentions 
the appearance of several dark canals, as he calls them, through the 
lightest portion of the planet, which were not seen at the time of 
opposition, but became visible afterwards. The second letter bears 
so particularly on that point that I will give a rough translation of 
it. ** I have received your esteemed letter of the 1 5th inst., for 
which I thank you. No doubt we have reason to be satisfied with 
the harmony which exists between our Mars researches. Your 
observation is very true that this harmony will be still greater 
when I endeavour to explain in my drawings the indefiniteness of 
the outline of the markings. An indefiniteness occurs which is 
unavoidable with optical instruments of an aperture which is 
limited ; but I do believe that the harmoriy would not be greater 
if you had been able, as I was, to observe the planet in October and 
the following months. It was in October that the equatoreal zone 
of the planet began to show itself, and then it was that those narrow 
channels which intersect it began to be visible^ some of them in a 
very remarkable degree. For instance, the channel which occupies 
as nearly as can be the place of Huggins Inlet in most pictures 
became so black and so bold, that I was able to see it very distinctly 
up to the 14th and 17th of March." The Professor does not 
state that these were drawings from the telescope, but they are the 
result of projection from a chart which he has taken four months 
to prepare from his various observations of the atmospheric effects. 
He goes on to say, " The channels which touched the planet's 
equator, and ranged from 55° to 1 70^> should be still visible. At 
any rate the first was seen here several times with great ease during 
the last week in February, and the other quite distinctly on Wed- 
nesday, March the 18th.'' I would make one remark as to the 
drawings ; and I hope I shall be excused for the exercise of a little 
artistic criticism with regard to them, and that is, that the develop- 
ment of hard and sharp lines in them must be an error. These 
keen, sharp, round and exact lines are the result of the process 
through which the drawings have gone, and not the result of eye- 
sight upon the planet. Again, there appears a tendency, either in 
the object-glass, in the eyepiece, or in the natural power of the 
eye, to elongate the deyelopment of certain dark points as seen 
against a Ught. We have that very clearly shown in the drawings 
of Mr. Dawes, and also in these very strongly-developed lines of the 
learned Professor of Milan ; and a certain amount of light may be 
thrown upon that by a simple and emphatic statement, that on one 
occasion, at Madeira, when the planet was very clearly visible, I 
saw, or thought I saw, a line joinmg a certain small dark spot with 
what was previously known in Mr. Proctor's maps as the Sea of 
Lockyer ; and I should have drawn it as a line connecting those two 

rints, for I thought — and with all honour I could have drawn what 
thought — I saw a connexion between them ; but the evening 
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cleared, the air became more steady, and 1 saw that those lines 
were not in any way connected, but were thoroughly separate, and 
therefore having drawn them as separate points in a clear atmo- 
sphere, and having seen them, as Prof. Schiaparelli drew them, with 
a small dark line joining them under a less perfect definition, 1 
cannot but think that a great many of the clear hard dark lines 
drawn in many parts of Mars are the result not of perfect eyesight, 
but of imperfect eyesight, and the result of optical illusion. But I 
must speak of these drawings by Signor Schiaparelli with the greatest 
respect ; for we have the greatest evidence in them of accuracy and 
clearness of vision and goodness of character, and a high amount of 
earnestness of research, for every mark in them, barring those par- 
ticularly sharp lines, I can recognize in my own drawings ; but when 
1 come to them I find not the slightest trace of them was visible 
at Madeira during the opposition with an instrument of 13 inches 
aperture, as against the 8-inch object-glass at Milan. Now 1 think 
I may fairly pair a 4-inch object-glass against .5 inches of silver. I 
have done it very recently and conscientiously again and again for 
the purpose of testing a refractor agsinst a reflector ; and I had 
13 inches of silver as aeainst the 8-inch refractor. During the 
opposition none of those dark forms appeared ; and therefore it must 
either be an optical illusion, or a most remarkable and extraordinary 
number of phenomena, or a great physical change on the surface of 
the planet during the montlis of January, February, and March. 
Not only long before but long after the next opposition, I shall keep 
my eye on the telescope, to see if 1 can support those lines of Prof. 
Schiaparelli's, and 1 shall be heartily rejoiced if I can. 

Mr. Common. 1 should like to ask Mr. Green whether I under- 
stood rightly that those drawings are from observations of Mars 
made through a telescope. 

Mr. Green. Not from the telescope ; but they are the results of 
a projection on the map which Pruf. Schiaparelli has made from his 
observations. 

Mr. Common. Have you any of the original drawings from which 
the map was made T 

Mr. Green. None whatever. 

Mr. Common. There is a harshness of outline all over the 
dravvings which does not harmonize with the view which you get of 
the planet, especially such as one might have obtained in the early 
part of this year. 

2%* Preeident. 1 think these drawings are merely the outcome 
of a series of sketches or physical pictures of what Prof. Schiaparelli 
saw in looking through his telescope, but massing together the 
various details which he saw at different times. 

Mr. Common. It is of the greatest importance that we should 
have the original drawings, as every thing turns upon the fine lines 
which cross the planet at various points. 

CajH Noble. 1 observed Mars most sedulously and carefully 
through the whole of the opposition with as fine a 4 '2-inch refractor 
as exists in England, made by the late Andrew Ross. The drawings 
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made by me through that opposition were laid upon this table ; and 
I was going to ask whether any Fellow of the Society took them 
away. Mr. Wesley tells me that they were taken oif the table the 
night that they were exhibited, with those exauisite drawings of 
Mr. Green's ; than which nothing finer was ever shown in this room. 
I can only say that I never saw any thing of the wonderful reticu- 
lations which Prof. Schiaparelli shows. 

TAe President. Prof. Schiaparelli is a man of extreme caution 
and care, and not likely to be carried away by his imagination ; but 
I fancy there must be something peculiar in his telescope, or his 
eyepiece, or his eye, for I am sure that he would not make draw- 
ings if he was not fully persuaded in his own mind that they did 
exist. 

Thanks were unanimously voted to Mr. Green for his interesting 
paper. 

The President. A short time ago I received a letter from a gen- 
tleman directing my attention to a picture by M. Winkler, brother 
of the Astronomer at Weimar, exhibiting what he calls sunset in 
the Moon. This picture you see before you, in which the peaks of 
the mountains are seen brilliantly lighted up, the foreground being 
the floor of a crater. You will see there are many small craters, 
which, properly speaking, ought to be perfectly dark. In the ab- 
sence of atmosphere in the moon, there would be no dispersion of 
light, and consequently any place where there could possibly be a 
shadow would be in utter darkness. The artist has very ingeniously 
utilized what may be called the earth-shine, and consequently certain 
half-tones, which are visible, are got from the reflection of the 
earth. Rather towards the right is the star Antares with Scorpio, 
and the Milky Way is shown in the background. It is such a re- 
markable picture, that I took the liberty of asking that it be sent here 
this evening, because I thought it would interest some of the Fellows. 
Mr, Marth. It strikes me that the picture is in one respect an 
impossible one. The light comes from below the ecliptic. 

The President, Mr. Winkler was assisted all through by Prof. 
Briihns. 

Mr. Marth. The Earth, judging from its contour, is about eight 
or nine days old, so that the Sun must be distant 105^ or 120°, and 
the Earth ought to be turned round to suit the stars. Besides, from 
which part of the Moon is this taken? It seems to me that 
Scorpio cannot appear so while the Earth is shining as shown in the 
picture. The size of the Earth seems correct. In pictures at the 
Boyal Academy the painter usually does not represent what he has 
seen of the Moon ; but she is painted far too large. 

The President. The artist has nowhere stated whether the 
picture is taken from this side of the Moon or the other. It is a 
purely imaginary landscape. 

The Astronomer Royal. I think we are trifling with the time of 
the Society. We know what the Moon does look like as seen in a 
telescope. 
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The President. Thia picture was undertaken after the artist had 
read IVf r. Nasm jth's and Mr. Carpenter's book on the Moon ; and it 
is a sort of attempt to realize on canvas the drawings prepared for 
the model casts by Mr. Nasmyth, of which we have an example on 
the walls of this room. 

Oapt, Noble. You said that on account of the absence of atmo* 
sphere in the Moon every thing which is not in sunlight would be 
dark ; but it is quite possible ^o conceive that, if there were a mass of 
rock facing the Sun» the light might be reflected into the plain 
beneath sufficiently to render it visible, without atmosphere at ail. 

Mr. Chambers. It seems to me that, according to Capt. Noble's 
explanation, the sunlight must come through the rock in order to 
illuminate the crater. 

Mr. Penrose. There cannot be a moment's doubt that the power 
of reflection from the large surface of a mountain in the Moon would 
give a reflection to other parts which do not receive the sunlight, 
because the dark grey part of the Moon is visible by the Earth's 
reflection, and therefore portions of the Moon might be visible from 
the nearer sunlight on a lunar mountain. But certainly the crags 
in the picture are not at all in accordance with the shape of the 
lunar mountains and ridges. 

Mr. Ranyard. I imagine, if we were in the Moon, and looking 
at a star without an atmosphere, we should see a very great mass of 
smaller stars. In the picture there are very few stars below the 
fifth magnitude; and the Milky Way is given very faint. I cannot 
quite recognize what parts of the Earth are looked at ; certainly no 
point of specular reflection is given there. I imagine we should see a 
more conspicuous fringe at the terminator than at the limb when the 
light is falling nearly perpendicularly from the Sun. The illumina- 
tion of the clouds witnin an atmosphere must be very strong, and 
therefore we should not expect to find the blue part of the spectrum 
thinned out as we should towards the terminator ; and we should 
expect a less roseate appearance upon the limb than upon the termi- 
nator. 

Mr. Marih. Perhaps I may be allowed to come back to Astro- 
nomy again. As the Astronomer Eoyal mentioned, we know very 
well how the Moon looks ; vet we have no representation of our Moon 
as seen in a very small telescope. What we want is a drawing of 
the full Moon, looked at with a very small power of 2 or 5. It 
is almost essential that draughtsmen should do this simple thing, that 
we may judge of the value of their drawings, of Mars for instance. 
May I ask whether anybody who has observed Mars has ever taken 
the trouble to determine the exact time of the transit of spot a across 
the central meridian 7 Up to thia time I have only received a single 
observation, by Mr. Oreen, who has estimated the passage of the 
spot a on one day, but the limits amount to something like ten 
minutes. If several observations of the passage of spots had been 
made it would be possible to determine the time of rotation with a 
very great degree of nicety. Although I have very great confidence 
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in Mr. Green's accuracy, jet if we could have several observations, 
they might check one another. The limiting values found from 
Mr. Green's observation, are 24^ 37" 22'"66 and 24^ 37" 22-64, 
which approximate more closely to Kaiser's value, 24^^ 37"" 22**62, 
than to Kroctor's, 24^ 37» 22'-73. 

The following papers were announced : — 

R. P. Greg. On the duration of Meteor Showers. 

E. J. Stone, A comparison of the Observations of contact of 
Venus with the Sun's limb in the Transit of Venus of 1874, De- 
cember 8th, made at the Royal Observatory, Cape of Good Hope, 
with the corresponding Observations made at the Stations iu the 
Parliamentary Report, and a discussion of the Results. 

J, R, Eastman. Observations of the Companion of a Canis Ma* 
joris with the Transit^Circle of the U.S. Naval Observatory. 

Rev. 8. J. Johnson. Early Transits of Mercury. 

Lord Lindsay. Note on the Table p. 70 of Vol. II., Dun Echt 
Observatory publications. 

The following were ballotted for and duly elected Fellows: — 
CamiUe Flammarion and Alfred J. P. Shepherd. 



Celestial Photography*. 

In 1850, the Director of the Harvard Observatory, Mr. William 
C. Bond, engaged the photographer Mr. John A.Whipple, of Boston, 
to conduct a series of experiments with the great telescope of that 
observatory, which possessed the largest object-glass then in existence, 
except that of its twin instrument at Pulkowa in Russia, the dia- 
meter being 38 centimetres. Several photographic impressions 
of the Moon were then taken, and images also obtained from the 
stars Veea and Castor. The latter star is double, and the image ap* 
peared elongated. 

These appear to have been the first lunar and stellar photographs 
to which publicity was given; but it has since been stated that 
images of the Moon upon silvered plates were obtained by Dr. John W. 
Draper in New York, some ten years previously. I may also men- 
tion that photographic impressions of the Sun were taken at intervals 
during the progress of the solar eclipse of 1854, May 26, under the 
direction of Prof. Bartlett at West Point, this being, so far as I can 
learn, the first occasion on which photography was actually employed 
with success for purposes of celestial observation. 

In 1857 Mr. Whipple obtained with the Cambridge telescope im- 
pressions of the stars * Alcor ' and * Mizar ' in the Great Bear, the 

* Address of Profeflsor Qould on reoeiring from the Gh)vemor of the Pro- 
vince of C!ordoba the |9remiums awarded at the Centennial Exhibition in Fhili^ 
delphia to the Argentine National Observatory and to himielfi fqr Lunar and 
Stellar Photographs. 
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latter being a double star^ whose components are 14^ seconds distant 
from each other, and of the third and fifth ma>;nitudes respectively. 
Memoirs were published on the subject by Mr. George P. Bond, 
subsequently himself director of the same observatory, who made 
numerous measures of the distance, and three of the position-angle 
of the components. 

In the use of ordinary telescopes for photographic purposes a 
serious difficulty is encountered. The large instruments in general 
use at observatories are achromatic refractors; that is, they are 
telescopes in which the light from the object viewed is received 
through a compound lens formed of single lenses of different den- 
sities whose curves are so contrived that most of the visual rays, 
although differing in refrangibility, shall be essentially brought to 
one common focus. But those rays in the light, which ordinarily 
serve for vision, are not those which possess the greatest chemical 
power; while it is upon this latter class that we must necessarily 
rely for photographic impressions. What we require is an object- 
glass which shall concentrate the most effective chemical rays into a 
common focus, in the same way that the achromatic lens concentrates 
the visual rays. 

This difficulty is avoided when a reflecting telescope is used ; for 
in this class of instruments the mirror which receives the light re- 
flects all its component rays, of every sort, to one common focus. 
For this reason it has been found convenient to employ reflecting 
telescopes for photographs of celestial objects ; and this motive has 
stimulated to essential improvements in this class of instruments. 
Admirable lunar photographs were thus made at an early date by Drs. 
H. Draper in New York and W. De La Rue in Loudon, and with the 
magnificent telescope under the direction of Mr. EUery at Melbourne, 
which hHS a speculum of 4 feet in diameter. 

But here another class of difficulties is encountered, since the 
reflecting telescopes are of far less convenient management than the 
refractors. Not only does their form render them more cumbrous 
and unwieldy, but much larger dimensions are needful to insure equal 
optical power ; while at the same time constant care is requisite to 
preserve the reflecting surface in good condition. 

A happy device of Mr. Lewis M. Ratherfurd has greatly dimi- 
nished the obstacles to the employment of refracting telescopes. It 
is evident that could we construct an object-glass which should 
concentrate the chemical rays, instead of the optical, as I have 
already described, the desired end would be attained. But how 
to accomplish this ? — since the forms of the curves in an achromatic 
object-glass are guided and corrected during its construction by 
means of optical tests, which are inapplicable for the chemical rays. 
This problem was solved by an adroit application of the spectro- 
scope, by means of which Mr. Rutherfurd managed to test and per- 
fect the surface of what might by analogy be termed a chemically 
achromatic object-glass, and with such success that lenses of this 
kind can now be constructed with almost the same facility as an 
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ordinary object-glass. Such lenses are of coarse aselpss for visLony 
but they afford the greatest possible advantages for photography. 

The numeroas practical difficulties having been surmounted once 
for all, Mr. Rutherfurd completed a lens of this sort in 1864. Its 
diameter was 28^ centimetres^ and early trials showed it to be 
capable of affording photographic images quite equal in strength 
and sharpness to those of the fine reflector then recently con- 
structed by Dr. Draper with a speculum of silvered glass 2 feet in 
diameter. 

With this lens he obtained a large number of photographs of the 
Sim, Moon> and prominent Star-groups with unexampled success. 
The evenings of March 5th and 6th, 1865, were of unusual clear- 
ness, and the photographs of the Moon near her first quarter made 
on these evenings will not soon or easily be surpassed. Impressions 
from these are well known throughout the scientific world, and have 
commanded universal admiration. 

The images of star-clusters, on the other hand, possess no popu- 
lar attractiveness. They are but black spots upon the albuminized 
surface of glass plates ; and their value consists solely in the accu* 
racy with which the relative positions of these several dots may be 
measured. But this is no slight value ; for if all precautions have 
been taken to prevent undue distortion, the photographic record may 
be subjected to repeated measurement and kept through future years 
available for new examinations, whenever desired, and for new com- 
parison with the heavens after the lapse of centuries, so as to permit 
the detection of whatever changes of position may occur among the 
several stars. 

To facilitate the measurements, Mr. Rutherfurd also constructed 
some admirable micrometers, furnished with strong microscopes, by 
means of which the relative positions of the stars upon very many 
plates have been carefully determined by himself or under his direc- 
tion, and the accuracy of the measurements thus made seems to sur- 
pass that of any other micrometric method. Photographic images, 
impressed upon the plate in a few minutes on some especially clear 
night, offer material for hundreds of hours of laborious measurement. 
And these measures, instead of being restricted to favourable nights, 
at favourable seasons, and painfully made by the astronomer in in- 
convenient postures and under ail the attendant disadvantages, may 
be easily performed at any time and place, even in another hemi- 
sphere, with all the convenience and comfort which the nature of the 
case admits, and subject to indefinite repetition. Sufficient material 
to occupy all the energies of an astronomer for a y<^sr or more may 
thus easily be collected in a single night and reserved for subsequent 
study. 

Early in 1866 Mr. Rutherfurd kindly placed at my disposal the 
results of repeated measurements of stars in the Pleiades, from many 
different photographs taken during the previous year ; and I had 
the gratification not only of deducing from them the right ascensions 
and declinations of nearly fifty stars in this cluster, but also of con-* 
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Tincing myself of the smallness of the average error of a simple deter- 
mination, whether as regards the discordance between different 
measures made upon the same plate, or that between the positions 
of the images upon different plates. In August of that year 1 com* 
muuicated the results to the National Academy of Sciences, and 
sent a short communication containing the resultant positions for 
the ten bright^^t stars of the group to the ' Astronomische Nach-* 
richten' of Altona. The results not only proved the extreme ac* 
curacy of the determination made by the great astronomer Bessel 
more than a quarter of a century before, but likewise established 
the important fact that there had been absolutely no essential 
change in the relative positions of these stars during the intervening 
period. 

In 1870, shortly before coming to this country, 1 made a similar 
series of calculations of the position of stars in the great cluster 
called the Proesepe in the constellation Cancer, from measure- 
ments also furnished me by Mr. Rutherfurd, and taken from his 
own plates. I also lefl in the hands of this friend a memoir on the 
subject to be published at a fitting time, since a publication of the 
results of these computations, previous to any regarding the obser* 
vations themselves by their author, describing the photographic 
methods which he had employed and the construction of his micro- 
metric apparatus, would have been in the worst of taste. 

But 1 had learned enough of the beauties of the photographic 
method of observation to become enamoured of it, and enough of its 
capabilities to give it my fullest confidence. The various objections 
urged against it at the beginning had been proved unfounded : ex- 
periments had shown that little or nothing is to be feared from 
shrinking or warping of the collodion film, and that even the great 
diveraity in size of the images fur bright and for faint stars is not 
incompatible with micrometric comparisons quite as accurate as, if, 
indeed, not more so than those made with the telescope directly. And 
1 cherished the fervent desire to secure a series of photographic im- 
pressions of the Southern clusters, which might afford material for 
study in later years. 

Circumstances seemed to favour this plan. Mr. Rutherfurd had 
just procured a new telescope, with an object-glass of 33 centi- 
metres, being one third part more powerful than its predecessor, and 
had availed himself of the opportunity of adapting it to photogra- 
phy by a new method, viz. a correcting lens, which, being applied to 
the achromatic object-glass, produces a compound lens similar in its 
action to those constructed for photographic purposes only. The 
former smaller lenses were received by the makers in part payment, 
and 1 was thus enabled to secure the identical glass with which such 
splendid results had already been obtained. 

The totally different aims which prompted my coming to this 
hemisphere, and to which I purposed directing the energies of the 
new Argentine Observatory, together with the slender resources avail- 
able for its construction and maintenance, made it impossible to di- 
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▼ert any of its funds to photography; hut on making my desire 
known^ sundry of my kindred and personal friends assured me that 
the pecuniary means should not he wanting, and encouraged me to go 
forward with my plans. There was an additional propriety in making 
it a private undertaking inasmuch as there was small prohahility 
that the tedious measurements of the photographic plates could be 
executed during my sojourn in this country, which I supposed would 
he far shorter than the event has shown. 

I consequently enlisted the friendly services of Mr. Rutherfurd in 
hehalf of my plan ; and received from him the ready assurance that, 
whenever I desired^ he would engage for me some practical photo- 
grapher, and give him in his own private observatory the special in* 
struction and practice needed for the application of his art to astro- 
nomical purposes. On arriving at Buenos Aires I made known my 
hopes and plans to President Sarmiento and to our present chief magis- 
trate. Dr. Avellaneda, then Minister of Public Instruction, and found 
with both of them such encouragement that, as soon as the Obser- 
vatory had been erected and the telescope mounted, I made official 
application for leave to use the. telescope for my own photographic 
purposes, whenever this might be done without conflicting with the 
regular series of observations. My request being cordially granted, 
I wrote to Mr. Rutherfurd, asking him to engage for me a private 
photographic assistant, and to purchase the necessary chemicals and 
apparatus. 

The original plan for a subscription of twelve thousand dollars in 
Boston for aiding my project had not been carried out. Postponed 
at first because not needed immediately, it had heen impeded by the 
grave financial crisis and other public calamities which occurred soon 
afterwards. But the surviving parents of myself and my wife begged 
me not to be deterred, and offered me the requisite means from their 
own personal resources — a generous offer which I declined accepting, 
but which justified me in going forward with my plans, since I might 
rely upon this future support in case of emergency. 

Thus in March 1872 a photographer arrived, after due training 
and instruction in Mr. Rutherfurd* s Observatory, and brought with 
him a full supply of the various apparatus and chemicals needed. I 
constructed a small laboratory in the observatory building, gave what 
additional instruction was necessary, and when all else was ready, un- 
packed the photographic lens, which had lain until then undisturbed 
in the box in which it had come from the United States. 

My hearers already know the terrible disappointment which 
awaited me : — I found the flint glass of the lens completely broken 
into two nearly equal parts. How or when this happened I know 
not, nor would investigation help the matter. It had not been sub- 
jected to the risks of ordinary transportation, but had been brought 
by hand, like a chronometer, in a box especially made for the pur- 
pose. 

Lamentations being useless I did the best that I could. Attempts 
at cementing the fragments with the needful precision proved fruit-. 

VOL. II. c 
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less ; but at last our skilful townsmen M. M. Perrin constructed from 
drawings, made by Mr. Davis, an apparatus in which each piece of the 
broken lens was held in place by three pairs of screws, so arranged as 
to permit a very delicate adjustment of its position. The object-glass 
was thus reconstructed with sufficient nicety to give moderately good 
photographs of the moon and impressions of a few star-clusters. 
Meanwhile I took steps to secure another photographic object-glass, 
calling upon my mother for the means of defraying the necessary ex- 
penses. Mr. Fitz undertook the construction, Mr. Rutherfurd kindly 
giving a general superintendence and calculating the surface-curves 
corresponding to the disks of glass which were available. Here, too, 
the National Government once more afforded its generous support, 
by giving me, before the lens could be completed, full authority for 
its acquisition by the Observatory itself, together with an assurance 
that the aid of a photographic assistant should thereafter be provided 
without further personal outlays by myself. 

This new object-glass reached Cordoba about the middle of the 
year 1873 ; but then followed the new series of trials and disappoint- 
ments with which many of my audience are well acquainted and which 
I will not here detail, since they have been sufficiently alluded to in 
my annual report for that year. Suffice it to say, that the photo- 
grapher proved utterly unworthy ; the time, apparatus, and materials 
I had provided for stellar photography were consumed by him in 
making photographs of the moon and terrestrial objects, which were 
disposed of for his personal advantage and emolument ; so that at 
the close of three years' struggle I tound my resources diminished 
by several thousand dollars, with absolutely no return excepting a 
few indifferent photographs, of which, I grieve to say, the larger part 
have since become useless by the peeling of the collodion, which had 
not been applied with sufficient care. It is a source of regret to me, 
moreover, that I am not the only person, nor the Observatory the 
only institution, that has suffered through the same agency. 

The sacrifices already made, and the long series of severe dis- 
appointments and mortifications already suffered, forbade me to think 
of desisting from the cherished scheme, and on my return to the 
United States in 1874 I improved the opportunity to engage another 
photogiaphic assistant, Mr. John A. Heard, to whom I am largely 
indebted for our final success. He had already obtained repute as 
a skilful manipulator, and he, like his predecessor, passed some time 
at Mr. Rutherfurd's Observatory, learning the chief peculiarities of 
astronomical work. He arrived in Cordoba early in 1875, and re*- 
mained until his health required him to return home. The National 
Government, with that same readiness to support me which has 
never failed whenever circumstances permitted, provided the salary 
for a regular photographic assistant ; and although I am just at pre- 
sent without aid in this department, I am hopeful that Mr. Heard's 
health may soon be sufficiently restored to enable him to return, and 
am confident of improving upon the results heretofore obtained. 

Such is the history of this new method of observation and the 
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efforts made to advance it in Cordoba. With the quality of the 
results obtained I feel satisfied. All the photographs have been 
made upon plates of glass 12 centimetres long by 9 broad, the images 
of the moon being 3*52 centimetres in diameter before enlargement. 
The photographs of the moon at the full and in the last quarter 
may, I think, be favourably compared with any I have seen of these 
phases; and the enlargements, 48 centimetres in diameter, being 
printed in carbon, can never fade. Mr. Rutherfurd's photograph 
of the first quarter is more sharply defined than ours, and will pro- 
bably long continue to claim the palm. A. very beautiful picture of 
the moon, made with the great 4-foot reflector at Melbourne, was also 
exhibited in Philadelphia. This represents her, not at the quarter, 
but with about nine days' illumination — thus showing a very con- 
siderable portion of the lunar surface with the oblique light, which is 
so desirable for artistic effect, as well as for the proper contrast of 
mountain and valley. Had I seen this elegant photograph before 
placing our own on exhibition, I am not sure that I should have 
ventured to compete. 

Much of the credit of the stellar photographs is due to the pure 
air of Cordoba, which is incredibly transparent on those not very 
numerous occasions when the sky is truly clear. The impressions 
on glass which I exhibited were of six different clusters — -the plate 
of the cluster X Carince containing two images each of 185 stars, 
and that of Eta Argus (or Eta Carirue as we now call it) containing 
180. I think there can be no reasonable doubt that many of the 
stars there depicted are quite as faint as the 9th magnitude, and 
have the satisfaction of adding that upon other photographs, obtained 
since then, there are images of stars much fainter still ; but how much, 
I am as yet unprepared to state. Since it is important that all the 
images should be perfectly round, without the slightest perceptible 
elongation, and since each of the two exposures should sometimes be 
for as much as 10 minutes, during which period the motion of the 
telescope must not deviate appreciably from that of the star in its 
diurnal motion, the prepared collodion thus requiring its full sen- 
sitiveness for something like 22 minutes in the excessively dry at- 
mosphere of Cordoba, it will be seen that the problem has not been 
without its difficulties. 

We have already secured measurable photographic impressions of 
not less than 84 celestial objects, of which 1 9 are double stars and 
the remainder clusters ; so that, even should the undertaking remain 
paralyzed in its present state, the results may be regarded as richly worth 
the labour, money, and perhaps even the other sacrifices that they 
have cost. I may add that the planets Jupiter, Mars, and Saturn 
have likewise been photographed with sufficient distinctness to show 
clearly the details of light and colour on the surfaces of the two 
former, and the existence of the ring in the latter ; but these images 
have not been sufficiently sharp to permit of successful photographic 
enlargement. 

B. A. Gould. 
c2 
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Magnitudes of Shooting-Stars. 



[No. 13. 



Average per cent, of the recorded Magnitudes of 
Shooting-Stars. 

Mr. E. F. Sawyer's iDteresting note on this sabjectCObseiratoiy/ 
No. 1 2, p. 399) has caased me to count and sort out, according to 
magnitude, a large number of meteors in various British and foreign 
catsdogues, including the observations of Heis, Weiss, Zezioli, Denza, 
Schiaparelli, KonkoW, Tupman, Lucas, &c., and I have drawn out 
a table of the percentages deduced therefrom. Dr. Schmidt's and 
Mr. Sawyer's observations are included, also Mr. Corder's results. 
The whole of these collected materials include 57479 shooting stars. 



Observer. 



J. F. J. Sobmidt 

P. F. Dena and others 

G. Zerioli 

B. F. Sawyer 

H. Oorder 

G. L. TupmaD 

W. F. Denning 

K. deKonkoly 

G. y. Schiaparelli and others 

E.Hei8 

B, Wei« 

J. Luoae 

Tanger and Stephens 



Average 1833-78 



Years of 
Observation. 



Class 
I. 

>>ist 
mag. 



1842-68 

1869 
1867-70 
1 868-. 77 
1871-78 
1869-71 
1876-77 
1871-76 

1872 

1833-75 

1867-74 

1869-77 

Aug. 10, 1 87 1 



Feroentage of Magnitudes. 



Glass 

n. 

= ist 
mag. 



38 146 
2-4 8-4 

*ir5 
2*8 I 107 

•8-3 
3-6 
29 
45 
31 

2*1 

«'9 
3*5 



11*2 

7-3 

14*5 
127 

»9'3 
11-5 

21*1 
•2 



2*8 I 11*9 



Class 
III. 

—2nd 
mag. 



180 
132 
20*8 
17-0 
18-4 
«5-5 
«9-5 

21*3 
22'0 

357 

24*6 

26-8 

92 



Class 
IV. 

=3rd 
mag. 



223 
32*0 
27-1 

45'4 
29*6 

»47 
»47 
249 

2J-5 

34-3 
28*0 
i6*3 



Class 

V. 

=4th 

maf . Sl 

under. 



41-3 
44-0 
40*6 
44« 
437 

45-6 
348 
37*1 
H'4 
297 
20*6 
«5J 



20-; 



2 ' 262 






1666 

1007 

8392 
6925 
3162 
1836 
2894 

2189 

7063 

I39I9 

6013 

1846 
567 



38*9 57479 



= ISt 


=2nd 


= 31^ 


4th mag. 


No. of 


mag. 


mag. 


mag. 


&less. 


Meteors. 


io'6 


i8'4 


262 


418 


35«34 


7-6 


7-8 


7-8 


156 





The table exhibits very large differences between the several ob- 
serrers. Tl e first nine, however, agree very fairly well; and taking 
an average of these we have : — 

>-ist 

mag. 

Percent 30 

Increase per cent. ... 

which very closely corresponds with Mr. Sawyer's averages given in 
his letter above referred to. 

Dr. Heis's masnitudes appear to be mach overestimated. Though 
he recorded nearly 5000 of the 2nd magnitude, he only has 4000 of 
the 3rd magnitude, and less than 2000 of the 4 th magnitude and 
under. The explanation appears to me to be that his registered 
meteors were selected on account of brightness ; for he made nearly 

* These figures are included in the average results bj dividing them according 
to the mean of the other observatioiisw 
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all his observations during the latter half of July and first half of 
August, when the Perseids and some other showers being yenr 
plentiful, readily enable an observer to make such selections, and stiU 
record a large number of paths. I do not see how the excess can be 
otherwise accounted for in an observer of such experience and ability 
as Heis, accustomed as he was to the estimation of star magnitudes. 
He rc^stered a large number of faint meteors (4th, 5th, and 6th 
magnitudes) in the years 1847-50, but after that there are very 
few indeed less than 3rd magnitude. At the same time, Dr. Weiss s 
observations in the table are rather high ; and Mr. Lucas's at the 
Radcliffe Observatory the same, especially in Class II., of which the 
percentage is greater than in Class V. No doubt the explanation 
is the same as that applied to Heis's results ; Mr. Lucas made 
nearly all his observations during the annual returns of the Per- 
seids, when many bright meteors may be registered. Even when 
imperfectly seen, fireballs and meteoTs of the larger class are inva- 
riably recorded, while fainter ones are allowed to escape ; and this 
method of selection no doubt affects more or less all the observations 
the results of which are summarized in the table. The vast number 
of records I have been examining contain many isolated accounts 
of fireballs ; and it is certain that, these being included, the pro- 
portion to the fainter classes of meteors observed during habitual 
watches is too large. The observations of the Perseids on Aug. 10, 
1871, by Messrs. Tanger and Stephens give a large percentage of 
faint meteors; but these are the actual observed magnitudes, and are 
therefore of more value than the registered magnitudes. 

As to the remaining values, they agree closely, and there appears 
to be a regular definite increase of about 7*8 per cent., as pointed out 
by Mr. Sawyer from his own observations. In this connexion it 
should be explained that class V. contains both the 4th and the 
5th magnitudes, and a few of the 6th also. 

The percentages deduced from the 13 sources are accurate only as 
representing the registered magnitudes, and cannot be held to show 
the actual relative values. The first 9 catalogues in the table give 
results that are probably far nearer the true proportion of percent- 
ages, though these are also no doubt affected to a certain extent by 
the disposition of observers to record the brighter meteors. The 
figures are therefore presumably too high for the greater magni- 
tudes, and too low for the fainter ones in regard to the actual relative 
percentages of the visible shooting-stars. But the correction re- 
quired is probably very small, and chiefly affects classes I. and V. 

It would be interestmg to compare other results with these now 
given. The Italian observers have amassed an enormous number of 
unpublished observations, and there must be other catalogues that 
I have never seen. 
AAUydown, Bristol, W. P. Denning. 

k^ni 15, 1878. 
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COERESPONDENCE. 
To the Editor of 'The Observatory.' 

Spiral Form of Nebula. 

Sir,— 

In reply to my remarks published ia No. 1 1 of ' The Obser- 
vatory,' M. Tempel finds it strange that I shoald dispute his criti- 
cism of some drawings made with Lord Rosse's telescope, as I had a 
year ago in a private letter approved of his intention of criticizing 
them. When I wrote that letter I could not expect that M. Tempel 
would go so far as to deny the existence of s(>iral nebulae altogether, 
apparently on no other grounds than his inability to recognize them 
as such in his 1 1 -inch refractor. M. Tempel also finds my remarks 
on M. 51 to be ''uncalled for," as he had not made any allusion to 
this object in his article in the ' Astrouomische Nachrichten.' But 
as M. 5 1 is the most striking instance of a spiral, and as M. Tempel, 
in some notes on nebulae which he kindly sent me for my supplement 
to the ' General Catalogue,' expressly had stated that he did not 
see M. 51 as a spiral, I considered myself justified in mentioning 
this nebula. 

And now with regard to my admission in the private letter to M. 
Tempel of the superiority of Lassell's drawing to the one published 
in the Phil. Trans, for 1850, no one acquainted with the appearance 
of this difficult object in a large reflector will think it remarkable 
that Mr. Lassell's two drawings disagree in the representation of the 
arm starting from the north side of the large nucleus. The begin- 
ning of this arm is extremely difficult to see ; and as it joins the 
other arm near the star No. 12, the commencement of the first arm 
is not well brought out, except with a fresh speculum and on a good 
night. I CRU therefore easily satisfy M. Tempel's curiosity as to 
which of Mr. Lassell's drawings I prefer ; the first one (fig. 27) 
gives the best general idea of the appearance of the nebula, but at 
the same time I can perfectly understand Mr. Lassell having seen 
it on another occasion as shown in fig. 27 a. When Part IL of the 
Birr observations of nebulae has been published, M. Tempel will 
have an opportunity of forming a better opinion of the appearance 
of M. 51. 

LasUy, M. Tempel makes some remarks on my allusion to 
D' Arrest as an experienced observer who never doubted the reality of 
spirals ; and he says with great triumph that there is not a single 
word in D' Arrest's work to prove his ever having seen a spiral. It 
is a pity that M. Tempel did not take the trouble to read my 
letter in 'The Observatory' more carefully, as my next remarks 
about D' Arrest having acknowledged the superiority of large re- 
flectors in this respect would not then have escaped his notice, and 
he would have written his answer with that calm reflection which he 
regrets not to have found in my letter. 

There is one point on which I shall trouble you with a few lines 
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more, namely, the opinion of D' Arrest on the relative merits of an 
il-inch refractor and a 6 -foot speculnm in good order. This great 
master in the realm of nebulae (as M. Tempel justly calls him) is 
dead and cannot state his opinion himself; but I can bear testimony 
from a letter written by him to me on Nov. 13, 1874, of which the 
following is a yerbal translation : — " My splendid telescope is, how- 
ever, immensely inferior toRosse's, so that I, although I certainly have 
tried to make the -utmost out of it, cannot at all bear witness against 
what you see with the 6- or the d-foot mirrors." After having 
alluded to a new work on nebulse which had just been published, he 
continued : — *' But I am very glad that Lord Kosse and you seem 
more and more to return to the nebulae. Here every single obser- 
vation made with the Rosse telescopes is a step forward which no- 
body else is able to make now-a-days. You have there no competi- 
tion at all to contend with ; on all other subjects we others can also 
say a word.'* 

D' Arrest's ideas of the 6-foot telescope may or may not have 
been exaggerated ; but as his opinion must be of some value I have 
thought it useful to quote it here. That many nebulae may be 
drawn well with a good 1 1-inch refractor is still my opinion, and 
nobody will be more delighted to see M. Tempel's drawings published 
than I will. 



Obiervatory, Birr Caatla, 
1878, April 6. 



I am. Sir, yours faithfully, 

J. L. £. Dreyer. 



Colours of Meteors. 
Sir,— . 

I have recently been looking over my list of meteor observa- 
tions since 1871, to collect all the notes of the colour observable in 
these bodies, with the following result. Out of 3334 available 
observations, 225 had a colour assigned to them. 

I have arranged them also according to their magnitudes. 





= $ -Sinus. 


=lBt-2iid 
mftgn. 


=3Kl-6th 
magn. 


Totals. 


Bed 


I 
8 


12 
lOI 

»5 

2 
I 
I 

9 
o 


.1 

* 
o 
o 
o 

4 
o 


22 

'35 

30 

3 

10 

^t 

5 


Oranee 


Yellow 


Tellow-green... 
Ghreen 


Bluish green ... 
Blue 


ICauve 




Totalfl 


33 


«5i 


4« 


225 



From this it will be seen that although orange so jpreatly predo* 
minates in the moderately bright ones, it is rather rare m the fire-ball 
class, which is characterized by green and mauve. 

The following table is made up from observations of other obser- 
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vers, iocluding the list of large meteors in the British Association 
Report for 1876 :— 





>- Sinus. 


c=lst-2nd 
magn. 


=3rd-6tli 
magn. 


Totals. 


Bed and Orange 
Yellow 


'4 

o 

1 

I 


22 

3 
1 

5 



17 
I 




I 


S3 

4 

»3 

2 


Green 


Blue 


Violet 




Totals 


36 


3» 


»9 


86 





These agree pretty well with my own observations, but I kept 
them separate, as it is difficult to tell sometimes what colour is 
meant, especially when the same meteor is called blue, green, or red. 

I suspect that some of the blue ones in the latter table I should 
have classed as mauve, by which colour is meant that peculiar tint 
obtained in pyrotechny by the use of copper. 

The Perseids are an interesting family as regards colour. The 
largest that I have seen, which are curious broad flashes, are pale 
green, the brightest 1st mags, yellow, and a great part of the 1 st 
and 2nd mags, rich orange. 

The Geminids rarely exhibit traces of colour, but when they do 
they are extremely beautiful. The brightest 1st mags, very beautiful 
pale green, the next size smaller lemon-yellow. 

The trains and streaks also vary in colour, but the former are 
generally red or orange. A slow-moving meteor from Perseus in 
Jan. 1877 had a pale primrose nucleus, with a crimson train. Green 
meteors, I believe, commonly have reddish trains of sparks. 

I am. Sir, yours truly, 

WritUe, 1878, April 6. H. CoRDER. 

Meteor. 
Sir,— 

My brother and I observed an unusually fine meteor last 
evening. It appeared at a somewhat low altitude, but I think the 
following path is fairly correct :— from R.A. 42^ Dec. 30** N. (N.E. 
of 39 Arietis), to R.A. 47°, Dec. 20° N. (near f Arietis). At first it 
seemed merely a small streak-like meteor, but growing larger and 
larger, before half the apparent course was accomplished it had 
become a bright round ball, of a yellowish- red hue, about one third 
the size of the moon, and much more bright than Sinus ; the small 
streak, or tail, which was seen at first faded away when the meteor 
attained its greatest brightness, and it proceeded and finally disap- 
peared without giving ofi^ any sparks &c. or bursting. We could 
not catch any sounds of explosion, but noises near might have pre- 
vented this. Duration of visibility was about two seconds. 

I am. Sir, faithfully yours, 
Bayner^B Boad, Putney, James L. M'Cance. 

1878. April 21. 
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NOTES. 

On the Reversal op the Lines op Metallic Vapours *. — 
In a paper recently read before the Royal Society (Feb. 1878) 
Profs. Liveing and Dewar gave particulars as to some experiments 
on the reversal of the lines of metallic vapours. They made use of 
iron tubes about j inch in internal diameter, and about ^7 inches long, 
closed at one end, and coated outside with borax or a mixture of 
plumbago and fire-clay. The tubes were inserted nearly vertically 
in a furnace fed with Welsh coal, and the observations were made 
through the open end of the tube. To exclude oxygen and avoid 
variations of temperature, hydrogen was introduced in a gentle 
stream by a narrow tube into the upper part only of the iron tube, 
so that the hydrogen floated on the surface of the metallic vapour 
without producing convection-currents in it. 

By these means the following observations have been made : — 

The characteristic lines of thallium, indium, and magnesium were 
seen reversed; the lithium line was seen reversed, but only in a 
mixture of the vapours 'of potassium and sodium. 

The absorption-spectra of sodium and potassium were observed ; 
and Profs. Liveing and Dewar remark that there is a great deal yet 
to be observed in regard to these spectra. Up to the present time 
they have not observed any of the appearances noted by Lockyer 
in the Proc. Roy. Soc. Vol. xxii., but they have noted the channelled- 
space spectrum of sodium described by Roscoe and Schuster in the 
same Vol. of * Proceedings.* 

Profs. Liveing and Dewar remark that the absorption spectrum 
of sodium vapour is not so simple as has been represented. 

'* The fact that the vapour of sodium in a flame shows only the 
reversal of the D lines, while the vapour volatilized in tubes shows 
a channelled-space absorption corresponding to no known emission 
spectrum, appears to be part of a gradational variation of the ab- 
sorption spectrum, which may be induced with perfect regularity. 
Experiments with sodium carried out in the way described exhibit 
the following succession of appearances, as the amount of vapour is 
gradually diminished, commencing from the appearance when the 
tube is lull of the vapour of sodium, part of it condensing in the 
cooler portion of the tube, and some being carried out by the slow 
current of hydrogen. During this stage, although the lower part of 
the tube is at a white heat, we have always noticed, as long as the 
cool current of hydrogen displaced metallic vapour, that on looking 
down the tube it appeared perfectly dark. The first appearance of 
luminosity is of a purple tint, and with the spectroscope appears as 
a faint blue band commencing with a wave-length of about 4500, 
and fading into the violet. Next appears a narrow band in the 
green with a maximum of light, with a wave-length of about 5420, 
diminishing in brightness so rapidly on either side as to appear like 
a bright line. This green band gradually widens, and is then seen 
to be divided by a dark band with a wave-length of about 5510. 
Red light next appears, and between the red and green light is an 
* AUtract of paper read before the Boyal Society (Proo. YoL zxvii). 
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enormous extension of the D absorption-line, while a still broader 
dark space intervenes between the green and the blue light. The 
dark line in the green (about 5510) now becomes more sharply 
defined. In the next stage the channelled-space spectrum comes 
out in the dark space between the green and blue and finally in the 
red. Gradually the light extends, the channels disappear, the D- 
line absorption narrows, but still the dark line in the green is plainly 
discernible. Lastly there are only the D lines of absorption. So 
far as we can judge, the blue and the streak of green light at first 
observed are due to luminosity of the vapour itself where it is some- 
what cooled, the later stages being mixed phenomena of absorption 
and emission." 

The absorption-line about 5510, which has not been distinctly re- 
corded by other observers, has been traced under various conditions. 

In the case of potassium vapour, whether observed in the iron tube 
or in a glass tube, an absorption-line was seen with a wave-length 
of about 5730, which does not correspond to any known bright line 
of that metal. Profs. Liveiug and Dewar point out that the method 
may be used for observing emission as well as absorption spectra ; 
and they reserve for future investigation and communication the 
discussion of the identity or non-identity of these absorption-lines 
with lines in the solar spectrum. 

The Satellites of Mars *. — In a memoir published in \S4f9f 
M. Roche showed that a satellite of the same density as its planet 
could not exist in the ellipsoidal form at a less distance from the 
primary than 2*44 radii, thus explaining the existence of Saturn's 
rings, which are too near the planet to allow of their agglomeration 
to form a satellite. The first satellite of Saturn is at a distance of 
S*35 radii, well beyond the limit, as determined by M. Roche. The 
inner satellite of Mars is distant 2*7 from the planet, and is therefore 
aUo outside the limit, though very close to it ; so that there is no 
difficulty in this case either. But the remarkable fact that the 
period of revolution of the inner satellite is much less than that of 
the rotation of the planet is opposed to the cosmogony of Laplace, 
which assumes that the rings thrown off* one after the other by a 
spheroidal nebula as it cools, condense in the plane of the equator 
at the limit where the centrifugal force of the rotation exactly balances 
gravity. In fact the law hitherto laid down has been, that *' satel- 
lites are all situated beyond the limit which corresponds to the cen- 
trifugal force of the primary." M. Roche, however, points out 
that he showed in 1 85S that half the ring of Saturn is within this 
limit, which for Saturn is nearly twice the radius of the planet, and 
that he was thus led to modify Laplace's theory, by recognizing the 
existence of interior rings distinct from Laplace's equatoreal zones. 
According to M. Roche's views, the portion of the nebula which 
becomes free at each new stage in the process of cooling consists of 
the whole of a fluid envelope which reaches to the poles. This fluid 
runs off' on both sides towards the equator and streams away by the 
* Comptee BenduB, Vol. IxxxtI. No. 7. 
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equatoreal line as by a sort of opening. Thus, on flowing to the 
equator, part of these nebulosities arrive there with a velocity insuf- 
ficient to keep them revolving in exterior orbits ; instead, then, of 
separating from the nebula they enter its atmosphere again, and if 
this is sufficiently rarefied may exist in it for some time under the 
form of elliptic trains having their aphelion at the equatoreal limit. 
Such of these trains as have a small eccentricity transform them- 
selves gradually, under the influence of the medium circulating 
round them, into a ring or assemblage of rings. Such is the pro- 
bable origin of Saturn's rings. In the Saturnian system the trains 
revolving in the neighbourhood ol the planet have remained in the 
state of cosmical dust and have preserved the form of rings, without 
being able to agglomerate into a spheroidal mass, because their dis- 
tance from Saturn is less than 2*44 radii, the system of rings, in 
fact, extending from 1*5 to 2*4. For the interior rings the period 
of rotation must be less than that of Saturn, 10^ l^"*. The period 
10^ SO"" found by Herschei refers to a portion beyond the line of 
separation. 

The inner satellite of Mars must have a similar origin to that of 
the rings of Saturn, being far within the distance (6 radii of Mars) 
at which a satellite would perform its revolution in 24^ 37*°, the 
period of rotation of Mars. The circumstance that a satellite could 
be formed out of the nebulous trains under such conditions is 
accounted for by these being at 2*7 radii from the planet, or a little 
beyond 2*44, the limiting distance, within which a planetary body 
could not subsist, but would tend to dissolve into discrete particles. 
At a distance less than this limit a planet may have a ring but not 
a satellite. 

In * The Observatory,' No. 9, p. 280, Prof. Kirkwood has offered 
another explanation, according to which the present rapid rate of 
revolution of the inner satellite of Mars is the result of the contrac- 
tion of the orbit, and consequent acceleration produced by the 
resistance of the less condensable portions of the nebulous planetary 
mass. 

Transit of Mercury, Mat 6. — In our last Number we gave 
some hints as to the phenomena to be observed, and we have only 
to add a few words as to the determination of the position-angle of 
the part of the sun's limb at which Mercury enters. This is a 
matter of great importance, and observers should take great care 
that they are watching the right part of the sun's limb. For those 
who have equatoreals provided with position-circle the matter is 
easy enough. The wire should be set tangentially to the sun's limb, 
or rather cutting off a small arc, at a point 45° from N. towards 
£., so that the reading of the position-circle vernier should be 45^ 
from N. towards W. for direct image. For the benefit of those who 
have instruments with altazimuth mounting, we give, at the sug- 
gestion of a correspondent, a diagram bhowing the position of the 
point of first contact with respect to the vertex or upper point of 
the sun's disk. The angle from the vertex will vary somewhat for 
different places in Great Britain and Ireland. For Greenwich it is 
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S5^y for Brifttol 34°, for Edinburgh and Dublin 30°, measured in each 
ca«e from the upper point of the sun's di^k towards the east for 
direct image. From these data it will be easy to find the approxi- 
mate angle for any 
other place. In the 
diagram, N is the 
true north point of 
the sun, V the vertex 
at Greenwich, and V 
the vertex at Edin- 
burgh or Dublin at 
the time of first con- 
tact. The dotted line 
shows the path of 
Mercury across the 
sun's disk. 

It may be well to mention that for all places in the British Isleo, 
the first contact may be taken as occurring at practically the same 
instant of Greeni^'cA mean time, 3^ 11"*, as the variation arising 
from the effect of parallax would only amount to a few seconds. 
But of course if local time be used, the longitude (in time) must be 
added to 3^ 1 P for places east of Greenwich, and subtracted for 
places west. —~^ 

French Transit op Venus Photographs. — M. D'Abbadie 
writes as follows : — '< M. Cornu handed to me lately the first instal- 
ment of the printed measures made on the French Transit of Venus 
photographs, or rather Daguerreotypes. These measures are exact 
to *001, and in some cases to *0001 of a millimetre. The published 
copy gives only a minute description of the instrument used and of 
the manner of measuring. We have purposely deferred all calcu- 
lations and discussion of results until all the measures shall have 
been published. Le Verrier told me that the sun's parallax was 
8"*9, and Comu's velocity of light gives the same result only when 
used with Bradley's constant of aberration. Struve's constant, now 
preferred by most astronomers, is open to several objections. The 
best constant would probably be obtained from Jupiter's satellites, 
and Cornu has proposed a new method for so doing." 



The Coming Solar Eclipse. — We learn from * Nature 'that 
great facilities will be given for observing the coming total Solar 
eclipse on July 29 from the neighbourhood of the Rocky Mountains. 
Messrs. Ismay, Imray, and Co., the owners of the * White Star ' line, 
have announced that they will take properly certified observers out 
to America and bring them home again for the sum of £20, which 
is rather less than first-class single Tare; and the Pennsylvania rail- 
ways company on their part have made arrangements for a round 
trip, at reduced fares, from New York, Philadelphia, Baltimore, or 
Washington, to Denver, which will form a convenient headquarters 
for intending observers. The return tickets for the journey to 
Denver and back (abouf4000 miles in all) are : — from New York 73 
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dollars; from Philadelphia 71 dollars ; from Baltimore or Washing- 
ton 62*50 dollars. Thus observers will be carried from England to 
Denver or the Rocky Mountains and back again for the sum of ^34. 
Intending observers should inform the Superintendent of the U.S. 
Naval Observatory, Washington, by letter, asking that a letter certi- 
fying to their identity be forwarded to their Consul at the port they 
may select for arrival in the United States.. This letter must upon 
delivery be countersigned by the Consul of the applicant to pre- 
vent mistakes; and on exhibiting it to the collector of customs, 
their instruments &c. will be delivered to them free of duty. The 
same letter must be presented to the agent of the Pennsylvania 
Railway Company, in order to obtain the advantage of the round- 
trip ticket. 

Improvements in Spectroscope, &c. — Apropos of some recent 
paper? read by Mr. Erck before the R. A. S., Mr. Leonard Waldo 
writes from Harvard College Observatory that the idea of having 
a small finding-circle at the eye-end of an equatoreal was used by 
Prof. Wilson certainly seven years ago, and that in the Cambridge 
refractor they have the improvement of having two verniers at right 
angles [nearly], to read declination on both sides of the pier. 
Further that Aivan Clark and Sons have always made their solar 
spectroscopes to focus both collimator and observing-telescope with 
the same screw. 

We may remark, however, that Mr. Erck's plan appears to be 
somewhat different from the ordinary setting-circle, as he takes 
advantage of the construction of the Newtonian retlector to utilize 
the position-circle as a setting-circle, its plane being, for this form, 
parallel to the axis of the telescope. 

Four New Minor Planets have been discovered since our last 
notice, viz. : — one of the eleventh magnitude on Feb. 28 by Paliea 
at Pola ; one of the tenth magnitude on March 1 by Peters at 
Clinton ; one of the eleventh magnirude by Prosper-Heury at Paris ; 
and the fourth of the tenth magnitude by Cdggia at Marseilles. 
These small planets are Nos. 1K4, 185, 186, and 187 of the group. 

M. Tisserand has been elected Member of the section of 
Astronomy in the French Academy as successor to M. Le Verrier» 
and will give up the charge of the Toulouse Observatory, in which 
M. Baillot is to succeed him. 

A new astronomical Observatory is to be built at Bordeaux, on 
the hill north of the river. Editor. 

Books received: — ^J. L. E« Dreyer, A Supplement to Sir «/• 
Herschers General Catalogue of Nehul€e and Clusters of Stars 
(Trans. R. 1. A. 1878^ — Cincinnati Observatory, Micrometrical 
^Measurements of Double Stars, 1877 — O. Lohse, Ueber Schmidt's 
Neuen Stem im Schwann 1878 — Dr. Foerster, Zur Theorie des 
Durehgangslnstrfimentes (BerVmer J&hTbuchflSSO)^ 1878 — E. C. 
Taintor, Catalogue ofSS4 Transit Stars (Shanghai, 1878). 
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Astronomical Memoranda for 1878, May 15- June 14. 





H 






H 




May. 


6 


FHSROMBirA. 

1 


May. 


1^ 

6 


Phenomena. 




h m 






h m 




15.W. 


148 


2^ 4 Sat Sh. I. 


30. Th. 


»3 57'3 


Q tr. D. 21° 48' N. 
$ Aphelion. 




*3 


WDO 







i6.Th. 


'0 35 


4Soorp.Oc.B.277°. 




8 2 


©sets. No real night. 





2 31 




31. R 


'3 53 


2^ I Sat Sh- I. 




II 32 


ir Scorp.Oct 16°. 1 


• 


1348 






18 


5 Aphelion. 


June. 






19. s. 


12 25 


n rises. 


I. S. 


»4 33 


n I Sat Oc. B. 




14 19 


h rises. 
9 rises. 
rises. 1 


2.8. 


7 


5 elong. 24° 2' W. 




H 39 
16 3 




13 16 


2^ 3 Sat Oc. B. 




16 477 


n tr. D. 18° 55' S. 


3.M 


9 59 


Mars Oo. D. 141**. 




an «-fi 


T transits. 




10 39 


MaR8 0c.B.25I<>. 




20 137 


h tr.D. i°44'S. 




21 54 


9 tr.D. 9°27'N. 




21 30 


? tr. D. 3 52 N. 




22 21*8 


5 tr. D. 14 21 N. 




22 463 


9 tr. D. 12 6 N. 


5.W. 


8 54 


w'^Oanc.Oc.D. 136° 


20. M. 


23 56-3 


tr. D. 20 I N. I 


'7.F. 
3) 








5 59'o 


W tr.D. 13 45 N.I 


'5 55 






7 49 


Gsets. No real night. 




21. Tu. 


II 


nda Vo*»24'N. 


8. S. 


II 7 
13 24 


-if. rises. 

n I Sat Ec. D. 


22. W. 


H 34 


42 Oapr. Oct 334°. 




n 3 


h rises. 




14 49 


-il. 3 Sat. Sh. B. 




H 5 


5 rises. 




15 17 


440apr.OcB.i79°.| 




1546 


rises. 


23. Th. 


14 45-8 


0^ I Sat. Eo. D. 

1 




15 28-0 
18 500 


n tr. D. 19° 4' S. 
T transits. 


C 


13 42 


i 




19 03 


h tr. D. I 15 S. 


24. F. 


14 


n 4 Sat. Oc. B. 




21 7'o 


2 tr.D. II 17 N. 




14 19 


If. I Sat Sh. E. 1 




22 253 


5 tr. D. 16 23 N. 




21 34 

22 31-9 


$ tr. D. 5° 43' N. ; 
5 tr. D. 12 2 N. 


9.8. 


23 58-9 
8 12 


tr. D. 22 57 N. 
0sets. Norealnight 


25.8. 


9 


(C Apogee. 




II 


<C Perigee. 




12 


1/ stationary. 




12 34 


y. I Sat. Sh. E. 


26.8. 


14 7 


51 Piso.Oc. 11.258®. 




12 40-8 

n »3 


V 3 Sat Ec. B. 
V- 3 Sat Oc. D. 


29. W. 


II 46 


OA rises. ; 




13 34 


2f I Sat. Tr. E. 




14 23 

15 52 


? rises. 1 
rises. 1 


10. M. 


7 39 


75Virg.Oc.t32*. 




16 8*5 


It tr. D. 18° 57' S. 1 


13. Th. 


21 9*o 


$tr. D. 13° 3'N. 
5 tr. D. 18 40 N. 




19 293 


T transits. 




22 34-4 




21 42 

22 23'9 


2 tr. D. 7 35 N. ' 
5 tr. D. 12 50 N. 

1 


14. F. 




11 51 





t A near approach. 
For the occultations of stars the position-angles of the points of 
disappearance or reappearance are given after the letters R or D. 
The angles are reckoned round the Moon's limb from n (true) in the 
direction n,/, 8, p (t. e. from below towards the right hand, as seen 
in an inverting telescope). Stars from the British Association Cata- 
logue are, for economy of space, denoted by their No. simply, the 
letters B.A.C. being omitted. Editor. 
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Meteor Radiants active in May. 

No periodical showers of special intensity are due in May, but there 
are many radiants of some activity occurring this month. Amongst 
these may be mentioned the Coronaids, Cygnids, Draconids, Polarids, 
and Ursids, also a shower from near a and /3-y Lyrse, all of which 
appear to be long-continued systems of annual recurrence, though 
without any transient condensation. The results of each night's 
obserrations of these or other showers should in future be kept sepa- 
rate, and not grouped into long periods as hitherto. In cases where 
two or three fine nights occur consecutively there will, however, be 
no harm in incorporating the results. It is very desirable to ascertain 
whether the alleged long duration and fixity of many shower-centres 
are real or apparent, and whether meteors having precisely the same 
features continue to fall from each throughout their supposed 
activity. 

The radiant-lists for April and June (* Observatory,' vol. i, pp. 
417 and 61) should be referred to with the following list for many 
of the best observed and probably true radiant- points in May. 



! Mr. 

Greg's 

1 1876. 



63. 



59fl. 



62. 
53. 

69. 
64. 



Apr. 19-June 12 



Duration of 
shower. 



B4ay 

May 3-15 



FositioD 

of 
radiant. 



R.A. 

o 

123 

170 



223 



May 16-31 

May 

May 

May 3 1233 

May 26 ^237 

May i8-June 14273 

280 
285 
298 
304 



May 25 

79a. 
70. 



68. 



May 15 

May 22-24 .. 

May 15 ...... 

May & June 
May 20-29 . . 



I 



320 
329 
355 



Deo. 

o 

+40 



+ 9 



75 +64 



+ 9 

— 12 

+47 

+59 

+ 34 

+ 54 
+ 12 
+ 5 
+ 7 



301 4-37 



+ 18 
+48 
+41 



Approximate 
star. 



31 Lynxia. 
p Leonis. 



e Orateris. 



a UrssB Maj. 

a Virginia. 

a LibrsB. 

Quadrans. 

Draconis. 

aLyne. 

o Draconis. 
Z Aquils. 
a Aquilse. 
e Dcdphini. 

yCygni. 

fePegasi. ] 

UCygni. J 

Lacerta. 

K AndromediB. 



Authority. 



Schmidt. 
Denning. • 

Heis. 

Neuma'r. 

Schmidt. 

MaggL 

S.&Z. 

S. &Z. 

S.&Z. 
Tupman. 
Tupman. 
Denning. 

S. &Z. 

Denning. 

G.&H. 

Heis. 



Notes. 



Denza, 120°, +40°, Apr. 3 
-14, 1869. A long-con- 
tinued shower. 

Not seen by other obeer- 
yers. 

A new shower deduced 
from the Italian obser- 
vations, 1872. 

? Also at i630,+s8°,May 
9 (Italian obs. 1872). 

202^+7^May 3-15, 1872, 
Italian obseryations. 

G. & H. 2230,-10°, May. 

Greg,235°,+4sO,Mayi6 
-June 2. 

Distinct to preceding. 

Mean of 3 snowers, a well- 
marked radiant 

Dracomds. 

Heis, 292° +15°, June. 

These are probably iden- 
tical showers. 

Also on June 19 at 300°, 
4-41°, S.&Z. 

A new A.M. shower. 

Heis, 3*5^+55°. May. 
Denning, 354°,-|-4i° Maj 
15-17, 1877. 



The abbreyiations in column 6 are:— G. & H., Greg and Herschel ; S. & Z., 
Schiaparelli and Zezioli. 

\V. F. Denninc.^^1^ 
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Poniion of the Suh*s North Pole. 

1878. Fo«.-angle. Distanoe. 

o , o , 

Majfto 340 30 91 50 

*5 -^ 34a 8 91 15 

30 343 54 90 39 

Jane 4 345 48 90 2 

9 347 49 89 16 

14 349 55 88 50 



The Moon. 



1878. 



Geoo. Libr. 
at midnight. 





h m 


long 



May 17... 


rises. 


+5-5» 


18... 


10 52 


606 


19... 


II 37 


617 


ao... 


12 8 


5-85 


21... 


12 29 


S16 


22... 


12 46 


415 


23... 


13 


293 


24... 


13 12 


. '*^9 


25... 


13 21 


+ 0'22 


26... 


»3 34 


-109 


27... 


»3 45 


2-28 


28... 


14 


3-*7 


29... 


14 21 


404 


30... 


14 49 


456 


31... 


... 


-4-84 



1878. 



lat 






h m 


+ 57^ 


June I... 


New. 


4-86 


2... 


sets. 


371 


3... 


10 49 


2-41 


4... 


II 19 


f ro2 


t. 


II 41 


-039 


II 55 


175 
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The Planets. 

Mercury transits across tlie sun's disk on May 6 (see last No*), 
after which he is a morninji: star, attaining his greatest elongation 
west (24^) on June 2, when he rises about 45™ before the sun. 

Ventis is a moniing star. Her disk is gibbous, the illuminated 
portion on May 15 being 0*561, and on June 15 0'689, and the 
corresponding diametei^s 20'^*6 and 15''*9* 

Mars is an evening star, in Gemini. 

Jupiter is a morning star, nearly stationary in Capricomus. His 
diameter on May 15 is $9"% and on June 15 42**7. 

Saturn is a morning star, nearly stationary about midway between 
/3 Geti and y Pegasi. The following are the dimensions of the 



ring^— 



May 25 

June 14 



Outer Ring. 

Maj. Axis. Min. Axis. 

S7'''56 2''*75 

88**78 8*19 



Inner Ring. BalL 

Maj. Axis. Min. Axis. Diam. 
24''*98 r-83 15"' I 
25''*7y 2''* 12 15"-6 
The south side is visible, the elevation of the Earth above the 
plane of the rings being 4^ 12' and 4° 42^' S. on May 25 and June 14, 
and of the Sun l"" 36' and l"" .54' S. Editor. 
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MEETING OF THE ROYAL ASTRONOMICAL SOCIETY. 

Friday, 10th May, 1878. 

Lord Lindsay, President, in the Chair. 

Secretaries: Mr. J. W. L. Glaisher, F.R.S., and 
Mr. A. CowPER Ranyard. 

Mr. Glaisher announced 64 presents, including a set of 15 volumes 
presented by Dr. Radiord, who had seen in the Annual Report a 
notice stating that donations to the library would be gladly received ; 
al^o a set of his own works presented by M. Flammarion. The 
thanks of the Society were voted to the donors, 

Mr. G. W, Hill, of Washington, Prof. Schonfeld, of the Univer- 
sity of Bonn, Baron Dembowski, and Dr. C. Briihns, of the 
Observatory of Leipzig, were recommended as proper persons to 
become Associates of the Society. 

Mr, Ranyard read a paper by Mr. Watprston on the Heat of the 
Stars. 

The Astronomer Royal. With reference to the observations of 
the Transit of Mercury on the 6th of May and of preceding transits, 
I wish particularly to observe that there have been seeu one or more 
bright points on the disk of Mercury during the transit; but, in my 
belief, these things are to be looked upon with great suspicion* 
And I have been led to this conclusion by observations which I have 
made myself of various kinds, bearing some relation to this, and 
which led me strongly to look, in the first instance, at such things 
as reflexion from the various surfaces of the lenses of which the 
eyepiece of the telescope is composed, reflexion from the cornea of 
the eye, and reflexions from the tubes of the eyepieces. I will men- 
tion to you a matter which occurred to me a great many years ago. 
In a room at the Observatory, where I was accompanied by my 
friends, scarcely known to many members of the Society at present, 
Mr. Francis Baily and Admiral Smyth, who were both very accurate 
men, we were looking out of a western window in the afternoon of 
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a very iioe day, admiring the prospect, when Admiral Smyth broke 
out at once with, " Why, there is a double star." Mr. Francis 
Bally looked immediately at the same place, and he said, '^ Yes ; 
there is a double star ; " and they described the places coincidently. 
I looked at the place, and there I saw a double star; of its visibility 
there was no doubt. I do not know whether they were so well 
satisfied with the appearance as I was ; but I thought it incumbent 
on me to look carefully at this double star, and after a little time I 
found out what this appearance really was. The origin of this 
double star was a bright spot in the corner of the eye illuminated 
by the sun at the time, and the window through which we were 
looking was a plate-glass window, of which, as usual, the two sur- 
faces were not exactly parallel ; and the one gave me a reflexion 
which produced one of the component stars, and the other surface, 
in like manner, produced the other component star ; and so the 
double star was produced. Since that time, when the controversy, 
as I may call it, concerning the origin of the prominences in a 
Solar eclipse was raging, an astronomer came to me in a great hurry 
and said he had found the prominences, and he could exhibit them 
at any time, and he exhibited them accordingly. I saw them, and 
examined them further, and scrutinized them a little, and I found 
that they were entirely caused by reflexions from the interior of the 
eyepiece tubes. On a third occasion an astronomer reported to me 
that he had discovered that one of the exterior planets was accom- 
panied by a luminous atmosphere. I warned him at once to be 
a little cautious about it, and to examine every thing very carefully ; 
but, however, I did not think that he was quite persuaded by my 
cautions; and at last I took the matter in my own hands, and exam- 
ined the appearance which he described, and I examined it rather 
more critically, that is, I drew the eyepieces out of the tube of the 
telescope, and I put in black paper to line the tube of the telescope 
and various things of that sort, and found that most indisputably it 
resulted from reflexions in the interior of the tube. After these 
experiences I need not say that I distrust every observation which 
speaks of a bright spot on the surface of Mercury in the late transit. 
I need scarcely add to that that it is exceedingly improbable that 
in those various successive transits of Mercury at distant times, 
which, so far as we know, have no relation whatever to the time of 
rotation, the same kind of spots should recur. And altogether I 
think when the Society receives accounts of this kind, in which there 
are recorded bright spots seen on the surface of Mercury during 
the transit, I may invite them to regard those accounts with a little 
caution, to put their own interpretation upon them, and to ask if, 
amid the infinity of reflexions which pass between the various sur- 
faces of the various lenses of the eyepiece of the telescope and of 
the eye itself, there may not be ample room for explaining these 
bright spots without any physical explanation whatever. 

Mr. Christie. After the remarks which the Astronomer Royal 
has made I must be very cautious indeed in bringing forward the 
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observations which I was enabled to make ; but it must be under- 
stood that those were made in a limited time through intervals of 
cloud, and therefore I simply recorded what I saw, without giving 
any causes or trying to explain the thing. I may begin by saying 
that I saw a very minute star-like point in the centre of the disk of 
Mercury, which, so far as I could make out, did not depend on the 
position of my eye, though I had not sufficient opportunity to 
test this point thoroughly. I also saw round the planet a ring of 
light or halo of somewhat irregular shape, and of about half the 
radius of Mercury in breadth. This may have been an effect of 
contrast. Within this was an inner ring of perhaps a second in 
breadth, which seemed perfectly circular. I used both positive and 
negative eyepieces arranged in five different ways, viz. — with and 
without a Solar diagonal and Barlow lens, and also with the forms 
of polarizing Solar eyepieces described at a former meeting, in 
which the Sun's light was reduced to extreme faiutness by three 
reflexions from glass surfaces. 

Capt. Tupmau has also given an account of the transit, in which 
he saw something a little different. He says, *' 1 scrutinized the 
planet most diligently with powers of 110, 140, and 240, and saw 
no trace of a permanent white spot or of a ring, either bright or 
shadowy, surrounding the planet. Occasionally there was a whitish 
hazy patch on the planet ; but it was not steady in position, being 
sometimes on one side, sometimes on the other, and once it appeared 
on both sides at the same time.*' 

That, of course, is directly opposed to my observation — that is to 
say, Capt. Tupman did not see what I did. There were a number 
of other observers at Greenwich, altogether 14 observers, equipped 
with telescopes, and some of them saw a bright spot, others did 
not ; some saw a bright ring, others did not — ^so that there was a 
charming difference of opinion. 

Mr. Rutherfurd. I can only say that from my experience, and from 
the internal evidence afforded by the observations, I should think 
that the Astronomer Royal is entirely right W one gentleman at 
Greenwich sees a dark ring, and another a light ring — if one of 
them sees a bright spot, and another one sees no spot — it seems to 
me that the explanation is to be found in the instrugient ; and it is 
quite possible, as the Astronomer Royal has well said, that such 
things may be seen among all the reflexions which take place from 
such a brilliant abject as the Bun. I may remark that the image of 
the Sun made by a small lens, such as the lenses of the eyepiece, is a 
very small point. I have myself used an image of the Sun made by 
a small lens as a star in testing the figure of microscopic objects ; and 
for that purpose it makes a very excellent star, very brilliant, and 
very much concentrated. The whole of the surrounding Sun around 
the image of Mercury would contribute to make this little star, and 
any little idiosyncracy in the inclinat on of the tubes which hold 
those lenses would determine its place upon that disk. 
Mr, Dvtnkin. The papers which I hold in my hand, on which 
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Mr. Christie has already made some remarks, are those whifeh were 
delivered to the Astrono-.iser Royal after the transit. My account 
was written down before I knew what any other observer saw, and 
is thus an independent record. When first seen by me, Mercury 
was still partly obscured by clouds, and had advanced some distance 
from the sun*8 limb. The clouds gradually cleared away for a few 
minutes, when the images of the Sun and planet were superbly 
defined, and I may say that I have never in all my long experience 
observed the Sun with greater pleasure. In fact I can scarcely 
remember seeing a better definition of the granular surface. The 
observations were made with a 6>inch equatoreal by Sinims, which 
had been used in the Transit-of- Venus observations. Mercury 
was intensely black, except that 1 occasionally saw a minute point 
of light near the centre, a little towards the following limb of the 
planet. There could, I think, be no doubt of the reality of this 
phenomenon. I also saw, during the few minutes of superb defini- 
tion, a ring or corona of light around Mercury, its breadth being 
about one third that of the planet. This corona was, to my mind, of 
a half-tint, and was certainly not so bright as the Sun. It was 
perfectly uniform in breadth round the planet, and had a radiating 
appearance as in the solar corona. 

Mr. Proctor, 1 happened to have my daughter with me, aged 16, 
who had not heard anything about this bright point in the centre ; 
and when she saw the transsit, her remark was at ^rsi that I had 
been playing a trick upon her, that I had put a piece of card on the 
eyepiece, and that she could see the centre where the compass-point 
had pierced it. That only shows that we saw the point, and that 
it was central. Then I noticed that as the clouds came over, the 
spot grew fainter. I think if it were a real phenomenon it ought to 
have grown brighter ; but instead of that as the cloud passed over, 
it became fainter. That, I think, corresponds with the Astronomer 
Royal's opinion that it was due to re flexion in the eyepiece. That 
is all I noticed about the bright point, except that when I changed 
the power from a large field Kellner eyepiece to one 6f Browning's 
achromatic eyepieces, power C, I could not see the bright point I 
could detect a faint mass of light in the middle, but 1 did not 
recognize the bright point, and then the light disappeared. There is 
one point which I feel doubtful about, and that is, that when the 
spot was fading out of view it seemed to assume a triangular form ; 
but this appearance was perfectly momentary, and I feel so doubtful 
about it that I do not like to speak about it as if it were a real pheno- 
menon. With regard to the ring I do not think that that is merely 
a subjective phenomenon. I think it is real. I could not see it on 
the side furthest from the limb when I directed my attention to that 
side, but the moment I directed my attention to the other side it was 
distinctly seen ; and the moment I caught it it seemed complete all 
round. It was quite an optical illusion that I could see it all 
round. It seemed a mere thread of light outside a dusky ring. 

Mr. G, F. Chambers^ Perhaps, in view of the unfavourable 
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weather which prevailed generally in England, on May 6) during 
the Transit of Mercury, ooservations of no great intrinsic impor- 
tance may be worthy of record. It is on this ground only that I 
trouble the Society with the following remarks. About half an 
hour before sunset the Sun appeared through the clouds for some 
10 minutes, and I was enabled to get a few glimpses of the planet. 
I could detect no indications of a spot, but a ring was visible round 
the planet. The breadth of it was, as nearly as I could make 
out, slightly more than the diameter of the planet; but I had 
no chance of making any measures. My wife, whose vision is 
naturally very acute, described it as a dark ring ; but 1 am unable 
to feel quite sure whether it ought to be described as light or dark. 
I should say it was the former ; but the hindrance caused by the 
fragments of clouds interrupting the view every few seconds, 
debarred me from an attentive inspection of the details. I was 
much struck with the blackness of the planet, and its obviously 
detached position in the heavens. The telescope I used was a 4- 
inch Cooke refractor, with a power of 60 on a diagonal eyepiece. 

Mr, Brett read a paper on the same subject. He shw a ring 
round Mercury which he estimated to be twice as bright as the 
Sun; and his assistant observer, who has unusually keen &'ght, con- 
firmed this observation, as did also Mr. Walter Pye. The last- 
named observer rentarked that when the planet was Hrst seen near 
the limb, the ring was excentric. No bright spot! was seen, the 
power being probably too low (50). Two Cooke refractors of 4 
and 3 inches respectively were used. Mr. Brett suggested that the 
bright ring might be explained by supposing Mercury to have a 
burnished surface covered with a dense transparent envelope. 

The Astronomer Royal, Has an accurate examination been made 
as to i^hether ihe internal portions of the tubes of those eyepieces 
are dead black or not ? I have the utmost suspicion of every thing 
where there can be a reflexion from the internal parts of the tubes. 

Mr, Brett, I can positively answer that they were most carefully 
blackened. 

Mr, Ranyard, Even with the most carefully blackened tube at 
a very oblique angle there is a very clear reflexion ; as the angle 
increases you first see a red reflexion. 

The Astronomer Royal, I know very well the eifect of blackening 
tubes. In one case that came before me it has been to crush the 
inferences which had been drawn from the bright tube. 

Mr, Sydney Waters, May I ask whether those bright spots have 
ever been observed on any of the dark spots which from time to 
time appear on the Sun ? It seems to me that if il is merely an 
optical illusion these things should in some form be observed 
there. 

The President, I think it would be advisable if we deferred the 
discussion of the papers until the subject has been exhausted : 
we have still two or three more papers. 

Capt. Noble. I h ive a paper by Baron von Ertbon on his obser- 
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vations of the Transit of Mercury. Internal contact wa« observed 
by M. de Boe at S** 14" H'-OG.M.T., and by M. von Ertbon 1 
second later, and a bright aureole and a small excentric spot were 
seen by several observers. 

If that spot had any objective existence on Mercury, it is pre* 
posteroiis to suppose that parallax would shift it from one position 
in England to another position in Belgium. That seems to me 
absolutely conclusive proof of what Sir George Airy and Mr. 
llutherfurd have said to-night, that it is an optical phenomenon, 
and one that has no objective existence whatever. 

The Astronomer Royal. May I ask Capt. Noble whether ladies 
were prepared, by a model or by instruction of any kind, to be 
acute observers of the phenomena. 

Capt, Noble. No ladies observed in Antwerp. It was Mr. 
Proctor who had a lady with him, and Mr. Chambers who had 
a lady 6 assistance. The Belgians were all men. 

The Astronomer Royal. 1 would only add that if ladies have been 
properly instructed I have great confidence in their observations. 

Mr. Penrose read a paper on the Transit of Mercury as seen 
at Wimbledon. He observed external contact at 3^ IJ" Si' and 
internal contact at S^ 14™ 35*'i> G.M.T. At the latter, two narrow 
threads of light streamed outside the planet, and almost imme- 
diately after the Sun's limb seemed complete. Circular contact, 
with the planet clinging to the Sun*s limb, was noted 4" earlier. 
No aureole was noticed, but a flickering spot of light somewhat 
excentric on the side towards the Sun's centre, was seen. It 
seemed to behave like the spots which dance about in the vicinity 
of the brighter stars. 

Mr. Ranyard read a paper from Mr. Cole on his observations 
of the Transit of Mercury as seen at Sutton. 

Mr. Glaisher read a paper by Prof. Pritchard giving an account 
of observations of the Transit made at the Oxford Observatory. 

Mr. Ranyard. We have another paper by Mr. Prince ; but as he 
is not here I will give a short account of my own observations, 
which will not occupy many minutes. I observed the Transit at 
Dun £cht with Lord Lindsay's 15-inch refractor, which was stopped 
down to 10 inches. As the planet came up to external contact the 
sky was covered with clouds, which at no time were sufficiently 
opaque to prevent the Sun's limb being distinctly seen. From 
about ten minutes before the time of predicted contact I observed 
the spectrum of the sky outside the Sun's limb in the direction in 
which the planet was approaching. The spectroscope with which 
I was observing was placed upon one of the finders of the larger 
instrument, the vie wing-telescope of the spectroscope being turned 
so that the red end of the spectrum below C was in the field of 
view. The slit of the spectroscope, which subtended an arc of 
5' 45" upon the Sun, was swept outward across the path of the 
planet, but no variation in the brightness of the spectrum corre- 
sponding to the place of the planet could be detected. My reason 
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for attempting this observation was that M. Jansseo, in observing 
the Transit of Venus, thought that by maicing use of a screen of 
blue glass he had been able to detect the body of the planet pro- 
jected upon the background of the corona some time before it was 
visible without the screen. His idea was that the spectrum of the 
corona was rich in blue rays. He does not give the ground for 
this assumption ; and the observations, as far as I am aware, point 
the other way. Stone, observing the spectnim of the corona during 
the eclipse of 1874, was of opinion that the continuous spectrum of 
the lower part of th'e corona was rich in red light. And the polari- 
scopic observations also seem to point to the same conclusion. I 
therefore thought it better to examine the red end of the spectrum ; 
hut I could detect no variation in the brightness indicating the posi- 
tion of the planet. It must, however, be remembered that these 
observations were made through passing cloud. I continued my 
observations at the spectroscope until some time after the signal for 
first contact had been given ; but nothing indicating the position of 
the outer limb of the planet could be detected. I then passed to the 
larger instrument, on which was a Merz polarizing eyepiece, with 
a power of about ^UO. The planet had now entered quite one third 
of its diameter upon the Sun*s disk, but I was unable to see any 
trace of the outer limb of the planet. I then passed back again to the 
spectroscope and watched until the planet was two thirds upon the 
8un's disk, but saw nothing to indicate the position of the outer limb. 
On turning again to the large instrument with the Merz eyepiece only 
a small arc of the planet remained oif the Sun's disk. The defini- 
tion had now greatly improved ; but I could not see any trace of the 
part of the planet off the Sun, and I certainly could not see any 
line of light round that part of the planet as described by the Tran- 
sit of Venus observers. I watched the planet with the Merz eye- 
piece, turning the field alternately brighter and darker until the 
planet was entirely upon the Sun s disk. I gave the signal for 
internal contact at the moment when I estimated that the two disks 
(t. e, the disk of the planet and the disk of the Sun) were in geome- 
trical contact. Within a second, certainly not more than two 
seconds, after this signal I saw a bridge of light separating the planet 
from the Sun's limb. 1 saw no ligament and nothing that I could 
describe as a black drop. When Mercury was upon the Sun's disk 
I carefully looked for rings round the planet and for the spot of 
light upon the disk, but could detect no trace of either the one or 
the other phenomenon; but with a cardboard diaphragm of less than 
an inch in diameter upon the instrument used by Dr. Copeland I 
thought that I saw a greyish ring round the planet, but did not feel 
quite certain as to its existence. 

Mr. Common, Perhaps before the discussion takes place I may 
state what I saw. I was only favoured with a few minutes obser- 
vation, at 3^ 20" to 3** 25" G.M. T., and I had to use the whole of 
an 18-in. reRector for the purpose of seeing the planet, and I then 
got about three observations, and saw a large hazy white spot 
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towards the south of the centre^ and I strongly suspected between 
the planet and the limb a very minute dark spot. I was unable to 
continue the observation owing to the cloud. I put on the piioto- 
graphic apparatus for the purpose of seeing whether the white spot 
was projected on the screen. 1 got a view for a few moments, but 
I could not see any trace of it. The image of the sun was enlarged 
to about 18 in., and the planet Mercury appeared a little over ^ 
inch in diameter ; but there was no sign of a spot then ; but it is 
worthy of notice that this very minute s<pot, about a diameter and a 
half from and between the planet and the limb; was distinctly per- 
ceptible. For the moment I saw it, using a Dawes' solar eyepiece 
and small aperture; possibly it was an illusion. 

The President I may say in a few words what I saw myself. 
Towards the beginning of the time of transit I was using the spec* 
troscope on a 6-in. equatoreal, and I had arranged it after the 
manner which was employed a good deal in Italy by Father Secchi. 
I had a direct- vision prism within the focus of the telescope ; the 
light passing through this cast a dispersed image of the Sun upon 
the slit of a spectroscope. I proposed to observe the exterior con- 
tact with a power of about ten prisms. However, I found as the 
time advanced that the clouds were getting so much thicker that I 
was obliged to keep on reducing the power of my spectroscope until 
at last I got down to two prisms and the lowest power eyepiece, 
and I noted that by the time of my chronometer, 5^ 3™, the limb 
was scarcely visible. However, in the field of view as I had arranged 
it at a certain time, I saw a faint continuation of the reversed C line 
suddenly commence to get shorter, which gave me warning that it 
was the planet coming down upon the chromosphere. I saw it 
getting shorter and shorter for H seconds, and 1 was enabled to 
trace the C line being cut down by the body of the planet ; 1 then 
saw in the spectroscope a perfectly clean and sharp definition of the 
first nick in the limb of the sun. That- 1 noted as the first exterior 
contact. I watched this for a minute or two, and I became sensibly 
aware of the clouds clearing away, and the light being too great to 
bear with a small battery of prisms. I tried to get my spectroscope 
again into the proper condition to observe the internal contact; but 
unfortunately, while my eye was away, it was effected without my 
observing it. 1 had another careful look at fi", at 12", and at 16" 
after contact (the time is not reduced). At 16™ I used the second- 
power eyepiece, and the planet was well on. 1 noted the planet 
as seen in the C line of the spectrum being sharp, clear, and cleau. 
Using 10 prisms no sort of halo is visible, and Mercury is black on 
a bright ground. Using the C eyepiece the shading distinctly 
decreased from the centre of the planet outwards. I then took the 
spectroscope ofi" the telescope and examined it with a C eyepiece 
and a fuU aperture of 6 in., and I noticed that the sun's image was 
remarkably good and the definition was very fine, and that Mercury 
was a perfectly clean disk, with an absolutely sharp outline and not 
a trace of any spot whatever. Also I can say there was no ring ; 
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but I noticed that there was a distinct difference in the tint of 
darkness between the centre and the limb. 1 then endeavoured to 
obtain the rings round the planet, which I was enabled to do by 
contracting the opening by means of an Iris diaphragm. I may 
say that I looked through my own 6-in. telescope, a 15-in. telescope, 
and a 4-in. telescope, and I saw no trace of a spot or any ring, and 
none of my party saw any of them. 

i}fr. Ranyard, When Mercury was on the Sun I placed the slit 
across it, but was unable to see any alteration in the solar spectrum. 
It was very difficult indeed to bring it up at all tangentially to the 
planet's limb. An air-line went across, and it was altogether an 
observation in which no reliance could be placed. 

J)r. Huggina. As my observations of the transit in 1868 have been 
referred to with regard to seeing a spot upon Mercury, I would wish 
to call attention to one point which 1 then very carefully observed. 
I watched the white spot upon Mercury and very carefully at the 
time of egress of the planet. At the moment when the planet 
passed about half off the sun this spot instantly vanished. This 
observation appears to show that the spot was an optical and not a 
physical phenomenon. For the late transit I had prepared an 
apparatus which would have enabled me on Monday to have taken 
photographs of the spectrum of the sun with Mercury within the 
field of the slit of the spectroscope. The photographs, embracing a 
large range of refrangibility, would have permitted any modification 
of the solar spectrum to be detected arising from the absorption of 
atmosphere around Mercury. Most unfortunately in. my neigh- 
bourhood the sky was clouded nearly the whole of the time. There 
were two or three minutes in which the Sun became a little clearer, 
and I seized the opportunity to take a photograph ; but from the thin 
cloud I could not be quite sure whether I had included Mercury 
within the slit. However, upon the photograph there is a black 
band the breadth of which corresponds exactly with what would 
have arisen from Mercury. I am not yet able positively to say 
whether I may regard this band as due to Mercury. If it be so, 
there is obviously no very considerable modification of the solar 
spectrum ; but I am not quite prepared to say whether or not some 
very faint traces may or may not be detected quite close to the limb. 
I think it necessary to strengthen the photograph and to make some 
further careful comparisons before speaking positively on this point. 

Mr, Christie, I omitted to state that the ring or halo was seen 
most distinctly when the field of view was limited by a small 
diaphragm to about three diameters of Mercury, and when the 
brightness was reduced almost to the vanishing point by means of 
a polarizing eyepiece. On trying an experiment afterwards with a 
black disk on a piece of paper, I found that I could see very much 
the same sort of halo round this black di»k, and that that halo 
comes out more distinctly when a dark glass is used to reduce the 
light, so that it is quite possible that the outer halo which I saw 
was the effect of contrast. 
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Mr, Brett* Then the argument, according to you, is that the 
veaker the surface the more it would be affected by contrast, 
which seems to me a very strange doctrine. 

Mr. Neisott, As to what Mr. Ciiristie says about being able to 
see a sort of halo around a dark object like Mercury, it iscontirnied 
by his simple experiment Looking at the dark circular disk on this 
piece of paper I see no halo around it ; but if I look at it through 
this dark glass I distinctly see a sort of faint halo round the dark 
spot, and about equal in breadth to the radius of the spot. The 
experiment is worth trying. 

The President, I notice that in the paper which Capt. Nobie 
read he gives the time of contact as l^* 14:»*9 Greenwich mean 
time. May I ask if the longitude is fairly accurate, because it in 
considerably before any other observation of internal contact that 
I have seen ? 

Capi, Noble, I believe that M. de Boe determined the longitude 
of his observatory with very considerable accuracy indeed. But 
I must expressly disclaim any responsibility beyond simply reading 
the communication, which has been sent to nic from men mIio 
made the observations. 

Admiral Sir E, Ommanney read an extract from a newspaper 
giving an account of the observation made by M.de Boe. 

Mr, Rutherfurd, Gentlemen, the matters which I have to bring 
before the Society are twofold. The little plates which I have 
with me are photographs or positive copies of three negatives of 
the sun taken in 1871* which I caused to be made a few days ago 
in New York on first seeing the announcement of M. Janssen that 
he had obtained photographs which showed the granulations on the 
Sun's surface, the rice-grains or whatever else you choose to call 
them. 1 had the pleasure of seeing one of M. Janssen*s photo- 
graphs in America ; and while I bring these to the attention of the 
Society simply to claim that he was not exactly right in stating 
that they had never been before seen, I do not claim that ray 
photographs are equal to those of M. Jans«en. But in these photo- 
graphs the granulations are quite easily to be seen. They were 
taken in August 1871 ; and I bring them up, not for one moment 
to diminish the credit due to M. Janssen, but simply to make a 
small correction in the history of that part of astronomy. 

I have here another matter not cognate to that, viz. a photo- 
graph of the solar spectrum, or so much of it as I find can be taken 
with a high power, obtained with an interference-plate constructed 
by myself— that is, I constructed the machine which drew the lines, 
and you require a lens to see them. The interference- plate with 
which this photograph was made had about 17»300 lines to the inch ; 
and the photograph was taken in the spectrum of the second order. 
[Mr. Rutherfurd here exhibited a magnificent photograph of the 
spectrum, which reached right across the room.] 1 came away 
from New York in a hurry, and I had not time to put the number 
of lines upon it. You can see line £ and 6, and F and G, and the 
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two H lines, and the ultra violet part. I was verj' agreeably sur- 
prised, on putting the ruler upon it, to find the wave-lengths are 
almost a scale of equal parts, for there are many things to prevent 
their being so. This represents prints from 28 different negatives, 
which were first taken on a small scale, and from those, large 
positives were made, and then again enlarged negatives. Then in 
joining the paper there is room for all the error which I found ; 
but I suppose that the error never amounts to more than a milli- 
metre and a half.- 

Perhaps I may be permitted to say something of the spectroscope 
with which this was done. I found the greatest assistance and the 
greatest increase of power in doubling or trebling the focal length 
of my collimator. Everybody familiar with the spectroscope will 
know that with a slit of a given aperture, if you double the colli- 
mator, your slit is diminished one half; and consequently if you 
double your (*ollimator you can open your slit twice as wide and 
get double the light. I found that a very great advantage. Then 
the form of condenser which 1 used was peculiar. It was simply 
the achromatic objective of a large-sized opera-glass of 2| inches. 
The rays were received upon the convex lens, which rendered them 
parallel, so that 1 kept the image of the Sun on the objective of my 
collimator within as small dimensions as possible, to diminish the 
risks of the aberrations of the objectives and diminish the risks of 
falsity of my lines ; and altogether I found that that was the best 
form of condenser which 1 could use. The interference-plate was 
drawn on speculum metal. It is not the best possible material ; I 
hope some better will be found; but it is the best that 1 have been 
able to devise. The interference-plate drawn upon glass, and after- 
wards silvered, will give a much more brilliant light; but we have 
to deal with the two surfaces of the glass, and it is very difficult to 
make those two surfaces accurate ; and if you get them accurate 
you are very apt in polishing them to get them wrong ; and you 
have to polish them very highly in order to draw lines 17,000 or 
18,000 to the inch. In the case of speculum metal it is very curious 
that those fine lines develop all the crystallization of the metal ; but 
notwithstanding that, the definition is quite fine, and I have not 
been able to find a substitute which will produce a better effect. 

Mr. Ranyard, If I understand you, the image of the Sun is 
thrown on the slit. 

Mr. Ruther/urd. Yes; it is thrown directly on the slit of the 
collimator. This represents nearly the central portion of the hemi- 
sphere of the Sun. There is no evidence about the bright lines. 
At the place where Dr. Draper*s oxygen lines should come in there 
were a great many lines, some bright and some dark, but it is diffi- 
cult to say whether they were due to oxygen or not. 

The President, I am sure that in expressing your thanks to Mr. 
Rutherfurd 1 shall only be echoing the feeling of the meeting for 
his most interesting communications and for the really magnificent 
work which he has done. I certainly have never seen any thing 
before so fine as this photograph. 
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Mr, Ranyard, May I ask if the photographs of the Sun were 
taken with a very short exposure indeed, and whether there was 
any special correction ? 

Mr, Rutherfurd. I suppose that in taking the photographs of 
• the extreme part the time amounted to seven or eight minutes; 
whilst in the more strongly active portions in the neighbourhood of 
line G a quarter of a minute would be sufficient. These photographs 
of the Sun*s disk were taken with the very smallest exposure that 
we could possibly get. 

Mr, Christie. M. Tempel, of the Observatory of Florence, has 
sent me over some specimens of his drawings of nebulaB, which he 
thought might be interesting, remarking, in the letter which accom- 
panied them, that the main object of his criticism is to show that 
drawings of nebulae leave much to be desired before sure hypotheses 
can be built on them, whether in relation to their outward form ur 
to their Variability. 

Up to the present time M. Tempel has made 160 drawings of 
nebulae, and has so far discovered 50 new nebulae ; so that it would 
appear likely that there are a great many more of these objects in 
the heavens still to be picked up. 

The President In addition lo Mr. Christie's remarks I may 
mention that I am pretty well acquainted with M. Tempel, and I 
can speak feelingly of the difficulties which he has had to contend 
with in his work. He has a very fine telescope of, I think, 11 -in. 
aperture, made by Amici. This telescope is mounted equatoreally 
with circles, but the circles are not divided ; consequently he has 
literally to fish for his nebulae. 1 remember on one occasion he 
was desirous of showing me a special nebula, but he was unable to 
find it. I think, considering the beauty of the drawings, it shows 
what wonderful power he has, seeing that he is able to make these 
drawings and at the same time to move round a heavy telescope by 
hand without any clockwork to help him. 

Mr, Watts exhibited a photograph of an observing chair, and 
read a paper explaining its working and its advantages. 

Capt, Noble, I think it much to be desired that some mode 
should be discovered or adopted for drawing nebulae as they are 
really seen in the heavens. These drawings of M. Tempels are 
very beautiful, but they are very misleading in having them dark 
upon a light ground. If any ingenious gentleman with plenty of 
time upon his hands will find out a method of representing accu- 
rately the nebulae as they appear, that is, light upon a dark ground, 
Le would do a real service to astronomical science. 

Mr. Christie. M. Tempel has directed his attention to that point 
at the suggestion of Mr. Brett ; but there are very considerable 
difficulties in the way of it. He mentioned three methods. One 
is by engravings on steel ; another by lithography, which has been 
applied with success by Mr. Trouvelot in the Harvard College 
publications ; and the third by drawing on very fine paper and then 
reproducing by photography, so as to obtain a negative. That he 
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has tried in some of the drawings published in the Milan Obser- 
vation;^, but he is not altogether satisfied with any one of tbe three 
methods. 

Mr. Proctor, They might be printed in white ink, or perhaps 
with a sort of greyish-white ink, with a black ground. 

Mr. Ranyard. In trying to draw Coronse I endeavoured to have' 
them printed white, but I found no printer that would print on 
black paper. The difficulty is to get any thing sufficiently opaque 
for our purpose. 

Mr, Howlett. There is one method of representing nebulsB or 
comets, and that is by scratching out the black pigment of black 
paper, and so leaving patterns with very delicate gradations. 

The following papers were announced : — 

.S^. W. Bumham. /3 Leonis and B. A. C. S992. 

C. L. Prince. The Transit of Mercury, May 6, 1878. 

W. F. Denning. The April Lyrids and contemporary Meteor- 
showers. 

S. W. Bumham. Note on the Duplicity of the Companion to 
Rigel. 

The following were ballotted for and duly elected Fellows : — 
Maxwell Hall, M.A., and James L. M*^Cance. 



The Interior of the Earth *. 

Sir George Airy remarked that the nature of the subject was 
different from any upon which he ever lectured before, in regard to 
its indefinitent'ss and to the difficulty he should have if he considered 
it to be his duty to lead them definitely up to some point. He could 
only give thtm some idea of the theory to which he wished to lead 
them, and in doing so he would advert collaterally to a good many 
points which might be valuable. He proposed to divide his address 
into three parts. The first would relate to the measures of the 
earth; the second to observations on temperature; and the third to 
the manner in which they might suppose the earth to have been 
formed, especially with regard to the nebular hypothesis; and after 
that he would add some remarks on the conclusions to which these 
lead. 

He described the process called triangulation, by which a large 
part of the contour of the globe is covered, and by which it is pos- 
sible to lay down a map on which the distance between any one 
point and any other point is ascertained to within a few inches ; how 
that ihis was valuable in ascertaining the dimeuhions and figure of 
the earth with the aid of the zenith sector, an instrument for mea- 

* Abstract of Address to the Cumberland Association for the AdTanceraent 
of Literature and Science, by Sir George B. Airy, K.O.B., F.B.S., Astronomer- 
BoyaL Be^ised by the author. 
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8uriug the apparent distances of stars from the point overhead ; and 
how, by comparing the measure of distance on the ground with the 
change of the apparent distance of a star from the point overhead, 
the curvature of the ground was ascertained. He showed on a large 
globe the principal lines of measurement which had up to this time 
been made for this purpose. From these measurements, there was 
no doubt that the cur^'ature of the ground is almost the same every- 
where ; that the earth is very nearly a sphere of 8000 miles iti 
diameter, or 25,000 miles in circumference. When he spoke of the 
surface of the earth, it must be undertitood that he spoke of the sea- 
level. Above that level stand mountains, and below are the depths 
of the sea. But although these inequalities of surface are taken 
into consideration by those who go accurately into calculations, they 
are comparatively very small. Suppose he were to make a sphere 
twenty-five feet in diameter, representing the earth, how much did 
they think the mountains would rise above the level ? One fifth of 
an inch. Well, of course, that never could be seen ; and it was a 
thing that in all ordinary calculations might be neglected. So that 
they might say that the earth was a sphere, with an exception he 
would mention presently. Then there was another thing which was 
important to their present subject, and that was the density of the 
matter of which the earth is formed ; and this was a matter which 
had engaged the best experimenters in two or three ways. The 
first of the experiments of this kind is a very celebrated one known 
as the Schehallien experiment, so called from its being an. experi- 
ment on a mountain in the Scottish Highlands (Perthshire) parti- 
cularly adapted to these measurements, which are most favour- 
ably carried on in the north and south direction. It was found that 
the mountain Schehallien disturbed the plumb-line, causing a devia- 
tion from the vertical of 11" or 12". Then if that mountain, whose 
dimensions we can measure, turns the plumb-line so far, what is the 
proportion of its attracting mass to the attracting mass of the earth ? 
And as we know the size of the mountain and the size of the earth, 
we can compare the density of the mountain and that of the earth. 
This process was gone through with great care, and it was found 
that, taking the density of the mountain as we could trace it by its 
constituent rocks, the density of the earth would be about four and 
a half times that of water, or about twice the average density of the 
surface rocks. The earth had density everywhere, but was more 
dense towards the centre than the outside. The next experiment is 
known as the Cavendish experiment. Here was a very light rod of 
deal, six feet long, suspended by a fine copper or silver wire (which 
is the most delicate suspension we can have) forty inches long, 
within a wooden case to defend it from currents of air. At each 
end of the lever was hung a ball two inches in diameter, and 
by a simple contrivance a pair of leaden spheres, weighing together 
perhaps 300 lb., were brought simultaneously into the neighbour- 
hood of the balls (but outside the case), on opposite sides, so that 
they might attract the small balls ; and the experiment was varied 
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until, by a series of calculatioDs, the density of the earth was ascer- 
tained, and gave a greater result than before, namely, that the 
average density of the earth was about five and a half times that of 
water. Then the third experiment was one which he made himself 
in the Harton Colliery, near South Shields. That was by seeing 
how much the force of gravity was altered by going to a great 
depth, the force of gravity being ascertained and compared at the 
top and bottom by the swinging of a pendulum. From that a cal- 
culation was made, and it gave the density of the earth as six times 
that of water. He believed the best calculation was that founded 
upon the Cavendish experiment, and was quite willing to take some- 
thing like five and a half times the density of water as the average 
density of the earth, including every part of it. There were con- 
sequences which followed from that which were certainly very strik- 
ing. As this density was rather more than double that of the surface 
rocks, it showed that towards the centre the earth was more con- 
densi*d than at the outside. But there was one result of the calcu- 
lation which rather startled him when he made his own calculations 
on the subject. Since these rocks press upon each other more and 
more the further you go down, what is the pressure upon the square 
inch when you approach the centre of the earth ? Many gentlemen 
there would have heard of a pressure of 50 lb. or 100 lb. on the 
square inch, and perhaps the greatest pressure we know is that by 
which tough Aberdeen granite is crushed — 10,000 lb. to the square 
inch. But it must be 80,000,000 lb. to the square inch in the 
centre of the earth ; and it is an astounding thing to imagine what 
consequences may follow. We have no idea of any such degree of 
pressure, and cannot therefore conceive what its consequences may 
be. Perhaps thereby gas may be squeezed into gold or platinum, 
and powder to solid, or solid to powder — we cannot tell what it does. 
That enormous pressure, and our total ignorance of it, is one of the 
difficulties and troubles of this case. He thought the general state 
of the earth would be understood from what he had said; and now 
he came to the rotation of the earth. The earth revolves, as every- 
body knows, in the course of a day ; and everybody knows also, 
from the housemaid who whirls her mop to the greatest philosopher, 
that rotation would swell out the middle of the earth. Calculations 
have been made upon that, and the result is that the diameter of the 
earth in the equatorial direction is greater by about 1 -300th part 
than the diameter in the polar direction. When they found that 
the measurement of the dimensions of the earth agreed so well with 
that conclusion, it led them to the further conclusion that the earth 
is, or has been, in a fluid state. In corroboration of this, he would 
mention a singular circumstance which occurred in our Indian Sur- 
vey. In proceeding northward from Cape Comorin, the curvature 
of the earth agreed very well for many hundreds of miles with that 
found in other parts of the earth (with due reference to the elliptic 
form of the earth). On approaching the Himalaya Mountains the 
plumb-line was sensibly attracted by the mountains. The late Arch* 
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deacon Pratt investigated, from the form of the mountains and the 
density of the rocks, the disturbance of the plumb-line, and found 
that it ought to be much greater than it really is. Sir George ex- 
plained this by supposing that the whole of that country is floating 
upon a dense fluid, and that the thick mass of the lighter mountain- 
matter sinks deep in the fluid, and that the displacement of denser 
matter neutralizes almost entirely the attraction of the lofty moun- 
tains. The form of the earth is not such as would be taken by a 
solid structure, but such as would be taken by a fluid mass with 
solids floating upon it. 

In the second part of his address, Sir George Airy referred to 
what is known about the temperatures. They knew something of 
the rate at which temperature travels through the earth. The ex- 
periments on this point had begun, as many good experiments have 
begun, with the French, who flxed thermometers with very long 
stalks to the depth of twenty-flve feet in the ground. These ex- 
periments were followed up, after some time, with similar thermo- 
meters at the Observatory at Edinburgh, and about the same time 
at the Observatory at Greenwich, and there the deeper thermome- 
ters were read every day. The first and most conspicuous result of 
these experiments is the retardation of the seasons. At the depth 
of twenty-five feet, high midsummer heat occurs at December, 
which shows that it takes five months for the heat to travel down 
that depth. If you compute it further, it takes 100 years to travel 
a mile ; so that if the crust of the earth is 100 miles thick, it will 
take 10,000 years for the transmission of heat through it This 
showed that really, after all, we may have a great deal of heat below 
us, and that it will not come to us for a very long time. It will 
come at last, but it will come travelling up slowly, and in the mean- 
time the radiation from the surface of the earth will carry it oflP very 
rapidly. So that it is quite possible that with a cool surface there 
may be a great deal of heat below. In every part of the earth there 
is evidence of intense heat in former times. The extent of volcanic 
action is partly lost on the earth by the efi^ects of air and water ; but 
when they looked at the old rocks, they found there had been 
volcanic action almost everywhere. In our limestone rocks, for in- 
stance, there are basaltic veins, which in some parts go by the name 
of toadstone, which are certainly the result of volcanic heat enough 
to produce fluidity. Almost everywhere they found that there were 
volcanic streams intermixing with all the rocks ; and even although 
the surface of the earth had been free from volcanoes in a given 
district for a time, yet there had always been volcanic action very 
near, enough to force in veins of lava from time to time. It seems, 
therefore, that we are entitled to say that we have always been near 
a great deal of heat — probably we have been much nearer it than 
at the present time, but still we are near enough to experience a 
great deal even in these countries. Repeated expetiments have 
been made on the increase of temperature as you go down in mines ; 
and the conclusion has been come to that the temperature rises one 
degree Fahrenheit, sometimes in sixty and sometimes in 100 feet. 
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There is a mine in Cornwall in which he had walked in a stream of 
water at the bottom actually scalding to the legs ; and everybody 
knows what quantities of water there are in the hot springs. And 
then there is the great display of the volcanoes, which come from a 
great deal of heat somewhere ; and in places where volcanoes are 
extinct we can trace a sort of basaltic continent, so to speak, up to 
the very mouths of the craters from which the lava has come. So that 
there has been in all former ages undoubtedly much more heat than 
at present. There was another matter on which he would desire to 
speak, but with no great boldness, and that was the change in. 
magnetism. The subject of terrestrial magentism is one of the 
most obscure in the world ; nevertheless, looking at the direction in 
which it always is towards the colder parts, and tracing its general 
phenomena, it may be effected by thermo-electricity, and that may 
be produced by the constant wear going on in the interior of 
the earth, where the fluid lavas are consolidating themselves. 
Within a few years the voyage of the * Challenger * has been made ; 
and he had little hesitation in saying it was one of the most im- 
portant in the scientific history of the world. In crossing the great 
seas they sounded to great depths, and measured in a satisfactory 
way the temperature of the water down to the depth of five miles. 
They always came to cold at the bottom ; and there are great 
controversies whether the cold can con^ in deep sea streams from 
the Arctic and Antarctic frozen regions. He thought that bad 
some influence ; but he thought the bottom of the water and the 
ground at those great depths is cold : he did not think that part of 
the earth partakes of the same heat as other parts ; that he only 
expressed as his opinion, in which, of course, he might be met by 
the disbelief of a great many persons. That was the state of things 
as we know it regarding the temperature of the earth — that, while 
there is reason to think that some parts of the surface are cold, 
there is evidence everywhere that there has been enormous heat 
almost all over the earth. Some parts of the crust of the earth 
under the deepest seas are still perforated by volcanic islands. In 
some places the heat comes very near the surface. That he looked 
upon as an important fact, leading them to a theory of what the 
state of the earth really is. 

On entering upon a matter which was undoubtedly one of the 
boldest speculations in modem science, which was the formation of 
the Earth — he could not say its creation, but the way it got into 
its present shape — he had to premise that the theory on which he 
had to speak, which is known as the nebular hypothesis, is the con- 
ception of a very bold and vigorous intellect indeed. Laplace it 
was who remarked that all the planets and satellites revolved in the 
same direction round the Sun, and all of them turned on their axis 
in the same direction : and it was difficult to deny that there must 
be some general cause for this. It naturally occurred to Laplace 
that if we can find something that is contracting its dimensions, 
and which has a little rotation to begin with, then with every con-. 
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traction of dimensions that rotation would become more rapid, tiii 
it might go to any degree, depending upon the condensation of its 
various parts not condensed before. Then can we look at any 
matter which is being thus condensed, and which might so form 
systems such as ours, with sun, planets, and satellites? There are 
a series of bodies in the sky which did not attract much attention 
in former days, mainly because telescopes were not so large, but 
which are now catalogued by thousands. These are the nebulae. 
The name denotes their cloudy appearance. They are small bodies 
among the stars, sometimes appearing to have stars in them, or to 
be connected with stars, and sometimes not They have the 
strangest and most capricious shapes imaginable. If a nebula is 
contracting its parts together so as to form a world, that rotation in 
the course of condensation will become so rapid that it may form 
suns and planets and earths around it; and on this supposition 
there is no difficulty in making a complete solar system out of such 
a mass as that of the nebula in Orion. Observations made lately 
by the largest telescopes — those of Lassell and Lord Rosse, both of 
which are remarkable telescopes of the largest class — have brought 
to light a number of nebul» possessing a spiral appearance ; and 
they seem to have some beanng on the supposition that the nebulas 
are contracting and getting into a rotatory state. But these changes 
go on so slowly that they had not been able to answer with certainty 
for any of the changes of which he now spoke. The whole thing 
is theoretical, and yet, as it seemed to him, in the highest degree 
probable. Supposing this to be the case, these nebulae would rotate, 
and in their compression would become very hot. There is no 
doubt that condensation would produce enormous heat, and it seems 
we have there sufficient explanation of the great heat we find below 
the surface of the earth and in other places. We suppose that the 
stars generally have been formed from the condensation of nebulae ; 
and there is a circumstance which was worth mentioning. A series 
of observations founded upon optical experiments has come to light 
within late years which has done more to reveal the secrets of nature 
than any thing before — this was by means of the spectroscope. By 
voltaic action sparks may be produced which derive their character 
— sparks like those of an electrical machine — in a great measure 
from the metals from which they spring. A spark springs from 
metal to metal, and the character of the metals gives different 
characters to the sparks. The sparks are viewed through a prism, 
which causes a line of light to appear like a coloured sheet of light, 
called a spectrum. We have one net of these spectra produced by 
iron, another by nickel, others even by hydrogen gas, and so on, 
and these are observed and catal(^ued with great care. When we 
come to observe the light in the stars in the same manner, we find 
there are scarcely two stars alike; some of them have the same spectra 
as that given from iron, and others have spectra from a number of 
different things; and we are actually able, by legitimate reasoning 
from thiSy to say from what the stars are made—what metals and 
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other tilings they are made of; and, as a general thing, the stars 
are not all alike. So that in this nebular hypothesis we are not 
bound to say that the nebulae are all of the same materials; and 
we conceive that by comparing the bodies which we know in the 
solar system with those of the stars, we may arrive at an idea of 
the variety of materials of which the planets are composed. We 
cannot find any thing different in comparing the light of the planets, 
because they all derive their light from the Sun, and they do not 
present any difference of appearance in the spectrum. But we can 
draw conclusions from their relative density. As he had said to 
them, the average density of the Earth is probably five and a half 
times that of water. They knew that the Sun is only once that of 
water. What the Sun is he could not tell, but it is a very poor 
light creature indeed. The density df Mercury is perhaps rather 
greater than that of the Earth. The density of Venus and also 
that of Mars are also much the same as that of the Earth. Then 
after that comes a shower of little planets, about 200 of which 
have been observed up to the present time, and he could not tell 
what they are made of. Then there are Jupiter and Saturn, which 
are no heavier than water. So that it appears clear that, assuming 
the formation of thene things by the condensation of nebulas, on 
the theory he had mentioned, the different parts of the nebulae 
which have contributed to the solar syst-em are very different. 
Well, that being considered as established, it follows that in the 
constitution of our Earth there may be parts of very different 
density. He should say that the high and prominent parts of the 
land are made of something light, and the heavy and dense parts 
are, those covered by a considerable quantity of water, which have 
sunk deep into the central lava on which, he conceived, all things 
are resting. 

And now he had come pretty nearly to the end of his theory, 
and he would show them i%hat he feared they would call an absurd 
representation of what he conceived the state of the Earth to be. 
[The lecturer drew attention to a diagram of an " ideal Earth," 
roughly showing his theory — some parts of the crust of the earth 
being thick and coloured darkly to indicate density ; some thick 
and not so dense, and all admitting of volcanic eruptions from the 
interior, which was represented as lava.] Remember that every 
thing here is exaggerated. It is not intended to be ^ correct 
representation. It is a caricature of the most extravagant kind ; 
but if it conveyed to them the broad ideas that had impressed 
themselves upon his mind, it would be doing the right thing. He 
thought a large proportion of the centre of the Earth is fluid and 
hot, and he thought that upon this there were certain divers classes 
of something like solid matter. In all these parts there are cracks, 
or chinks through which volcanoes burst out where the cover of the 
Earth is very thin. In some places you have two or three volcanoes 
together. There is one instance in Europe, where we have Etna, 
StromboH, and Vesuvius. In this diagram he had condensed to 
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the best of his conjectural power his supposition as to what the 
state of the Earth really is ; and if any one chose to find fault with 
it he would not quarrel with him. He only gave it as a sort of 
inference from a number of things he had said. 



On Changes in the Plumb-line. 

Since Lalande published his treatise I am not aware that any work 
on astronomy has expressly stated that the plumb-line is motionless 
in its direction. Yet it is tacitly admitted to be so. "Whenever obser- 
vation shows a discrepancy in the latitude of a place or in the 
N.P.D. of a\star, the uiiole difference is ascribed to faulty measure 
or to some unexplained instrumental error. Astronomers rely on 
mean results of angles referred to the zenith or nadir, and thus mask 
a phenomenon which is well worthy of close inquiry. 

The simplest mode of settling the question seems to be attained 
by observing from a distance fixed spirit-levels. I did this in 1837 
at Olinda (Brazil), in 1842 and 1843 at Gondar and Saga, in 
Ethiopia, and afterwards at Audaux in France. But levels are 
delicate only after a jerk ; 1 therefore devised a much more sensitive 
apparatus. I call it a " Nadirane/' and proceed to describe it. 

A truncated cone of concrete, 10 metres high and with a hollow 
axis, was built on a rock at Abbadia near Hendaye. The top of 
that cone is 2 metres broad and forms inside a solid vault pierced 
by a vertical hole 12 centimetres wide. This is covered by a thick 
brass plate cemented into the concrete, and bearing two cross wires 
of platinum in an empty circle of 20 millimetres diameter. 
Through this circle and in a vertical direction a ray of light is sent 
downwards, by a small mirror, to the bottom of the narrow well at 
a distance of 10 metres. There the light goes through a heavily 
framed lens 12 centimetres wide, and is reflected back by a surface 
of quicksilver. As the lens has the platinum wires exactly in its 
10- metre focus, and as it is so placed as not to be precisely horizontal, 
it reflects the image of those wires in their neighbourhood. Above 
them is a vertical microscope topped with a filar micrometer and a 
circle of position which can be moved round in any azimuth. When 
the lamp is lit and the mercury turned on fresh to ensure a clean 
reflecting surface, the microscope's field of view shows the cross 
wires and also their reflected image. It is thus evident that if the 
plane of mercury remains always parallel to its previous position, 
the distance of the wires from their image is not altered. If, other- 
wise, that distance is measured first in the meridian, then in the 
prime vertical, and, if necessary, in any other azimuth. On account 
of the mercury's great distance from the wires, the slightest devia- 
tion of its surface from its previous position is easily perceived and 
measured. In this apparatus it is assumed that the relative posi- 
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dons of the large lower lens and of the platinum wires remain 
unchanged. 

From motives explained elsewhere, I use the decimal division of 
the right angle or quadrant, which is the natural unit for all trigo- 
nometrical functions. One division of my micrometer is equal to 
*0000001 quadrant or O'^'OS ; but I use, as a more convenient unit> 
that of the sixth place, which our staff officers write r\ 

It seldom happens that unexpected results do not follow the 
opening of a new line of research. A few of these are worth 
mentioning. 

Small earthquakes, unnoticed elsewhere, were often seen in my 
apparatus. Sometimes the image would disappear altogether and 
return, after several oscillations growing gradually smaller. Weak 
shocks leave the image in the field of view, its greatest excursion 
embracing an angle of 20^\ My prettiest microscopical earthquake 
gave out the same cross-looped curve as that traced in Algiers by 
Cochard's pendulum under the disastrous shock of January 1867. 
The angle marked there was 18800^^; mine was only 7^^ It 
occurred in August 1869. 

A stranger phenomenon is what I call wriggling^ The image 
vibrates now and then like a high-tone tuning-fork, but on the same 
spot, then leaps very suddenly to a distance of V^ or 2^\ still vibra- 
ting, yet seemingly riveted for a while to that new spot. 

These sudden changes prepare us for more important ones in the 
direction of the plumb-line. I subjoin a few of my results, giving 
the angular change of the vertical line in the meridian only, but 
premising that it varies in all directions : — 

The nadir moved 
In From To 

1867, Oct. 28 Dec. 1 8*6 to the north. 

1868, Nov. 21 Dec. 1 0-6 

1869, Oct. 12 Nov. 20 4-2 „ 

1871, Oct. 10 Dec. 1 2*9 

1872, Jan. 30 Mar. 26 13*9 to the south. 

1872, Oct. 12 Nov.26 0-5 to the north. 

1872, Oct. 10 Dec. 1 2-1 to the south. 

I have registered more than 2000 observations of my "Nadirane." 
They prove, at least, that the vertical line is almost always changing 
within limits as yet undetermined. 

On the S7th October, 187l» its position was altered as much as 
T^'^ in the short space of mx hours. The image of my cross wires 
is rarely altogether tranquil or motionless for a whole day. Until 
now it has been always disturbed when the sea is rough, showing 
thus that waves falling on the shore, which is 400 metres off, 
give a tremulous motion to the beach, even at that distance. 

During' his stay iu Campbell Island for the Transit of Venus, 
Bouquet de la Grye, who was then unaware of my researches, made 
similar ones with a heavy pendulum which commanded a vertical 
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jtracing lever. He thus proved thaf small deviations of the vertical 
line exist also in the southern hemisphere. 

It is therefore probable that small changes of level are g4>iDg on 
everywhere. As to their causes, they can scarcely be ascribed to 
temperature, for the thermometer-curve does not agree with that of 
the vertical line. There remain two suppositions: (A) for some 
unexplained reason the centre of gravity of our globe is in motion ; 
this would be almo9t proved, if the quicksilver level, observed in 
distant places exactly at the same times, gave out the same variations 
in sign and in quantity: (B) otherwise these changes must be 
ascribed to the earth*s surface ; and this last supposition is the most 
probable, because earthquakes prove abundantly that the outer crust 
of our globe is not devoid of relative motion. 

My largest fluctuation of the plumb-line amounted, in 1 872, to 
4"*5. Astronomers have observed greater deviations. In 1875, 
between March 9 and June 8, the Greenwich observations show, by 
y Draconis, a change of 7"'l. Yvon Villarceau «;ot a discrepancy of 
6"'9 in his latitude of Strassburg, anfi quite recently Elkin had, in 
the same place, extreme results differiug as much as 8". This 
quantity is of the same order as the famous difference of solstices 
which troubled astronomers so much at the beginning of the pre- 
sent century. 

Henry and Ellis have recorded changes of level and azimuth in 
the fixed instruments of Cambridge and Greenwich, and I have 
often seen my nadir shifted in the prime vertical. These changes 
must affect absolute R.A. and longitudes by telegraph ; for a 
transit instrument carefully levelled today, may. not remain parallel 
to its previous position when levelled with equal care tomorrow. A 
change in the direction of the plumb-line, found here in the plane 
of the meridian, Mill, if affecting the whole earth, be observed as 
a change of azimuth in a place differing from this one by 6^ in 
longitude. Greenwich observations prove the existence of small 
changes in true azimuth. At all events corrections fur these varia- 
tions must be applied to geodetical measures, and we require at least 
a new definition for the vertical line, which is erroneously supposed 
unchangeable. Antoine D'Abbadie, 

1878 May 2. Membre de rinstitut. 



Occultations of Mars. 

As an occultation of the planet Mars by the Moon will happen on 
the 3rd of June*, a phenomenon that has not been visible in this 
country for twenty-one years, it may be of some interest to look up 
the impressions of observers on former occasions when the planet 
was occulted. 

We might go back to the time of Tycho Brahe, who tells us he 
* * Obserratory,' No. l^—Ashrowmical Memoranda. 
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diligently watched an occultation of Mara on the night of December 
SO, 1.595» when *Muna Martis Btellam parte opaca operire caepit." 

The planet was occulted on the night of February 18, 1837* the 
Moon passing the meridian during the phenomenon at an altitude 
of nearly 60% Mr. Baily gives an account of his observation of 
this in the * Monthly Notices * of the Royal Astronomical Society. 
He states that Mars was seen to touch the Moon at 8*^ 4s5'° 2^6, and 
totally disappeared at ^^ 45"35''6. It was first seen to reappear at 
9*54»0"-6, and totally emerged 9** 64°> 26«-6. "The planet ap- 
peared of a fine yellow colour both at its ingress and egress. No 
projection was observed." 

We gather from the 'Monthly Notices/ June 1846^ that fhe occul- 
tation of Feb. 1 that year was observed at Oxford by W. Luff. 
Time by sextant ; telescope 2*6 in. ; immersion 9^ S?"" S7'*6, emersion 
Itf' 17" 38*. 

A more interesting account is given of that on March 12, 1854<, 
as observed by Mr. Snow, at Ajshhurst, with 4 inches. " It was 
of almost precisely the same colour as the Moon,*' he says, " and in 
the most favourable moments 1 could not help comparing it to a 
spangle on the face of the sky. Whilst it was slowly and solemnly 
vanishing, it gave for several seconds the notion of its being the 
summit of a lunar mountain, but melting gradually away. At the 
emersion .... nothing whatever was to be seen of the two bodies 
clinging together, as it were, by threads uf light; nothing of the 
pear*shaped appearance often recorded as put on by planets under 
similar circumstances.*' 

An occultation of Margin daylight, was observed by Mr.Tebbutt, 
at Windsor, N. S. W., on August 12, 1875. He found the rapid 
disappearance of the planet's disk an exceedingly interesting pheno* 
menon, its extinction taking place at a considerable distance from the 
Moon's illuminated disk. The planet was observed, at emersion, as 
a small projection on the Moon's limb just as she was getting out of 
a cloud. The limb of Mars being gibbous in form at the time, it 
was difficult to get the instant of last contact. 

The last occultation of Mars visible in our own country was on 
October 14, 1857- S. J. Johnson. 

Upton Helions Bectory, Crediton. 



The Rev, Robert Main. 

It is with much concern that we record the death of the Rev. Robeit 
Main, M.A., F.II.S., for nearly 18 years the respected Director of 
the Uadcliffe Observatory at Oxford, or, as he was there better 
known, the Ratlcliffe Observer. Mr. Main was born in the yet r 
1803, and in due time he was placed under the. tuition of a non- 
conformist clergyman at Portsea, to whose fostering care and skill 
as a geometer Mr. Main attributed his own strong taste for mathe- 
matical pursuits and his ultimate success as an astronomer. From 
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Portsea he removed to the Grammar School at Bishop's Waltham» 
in the capacity of assistant master ; and chiefly from the savings of 
this not very lucrative post, and by a most commendable economy, 
he was enabled to place himself, in the year 1831, at Quefn's College, 
Cambridge, where in 1834. he took the distinguished degree of 
sixth wrangler, and was soon elected to a Fellowship in the College. 
In the following year he went to the Royal Observatory Greenwich, 
as first assistant under the present Astronomer Royal. At Green- 
wich Mr. Main soon became distinguished for that orderliness, 
painstaking accuracy, general intelligence, and probity which formed 
a part of his character throughout his life. While at Greenwich, 
notwithstanding the continuous and responsible duties of his post, 
Mr. Main found time for the completion of many astronomical 
researches communicated to the Royal Astronomical Society, and 
for which he was ultimately awarded, as the highest mark of their 
approbation, the gold medal in 1858. In 1860 Mr. Main succeeded 
the late Mr. Johnson as RaddifFe Observer, in which capacity he 
continued to exhibit the same high qualities, moral and intellectual, 
for, which he was respected at Greenwich. The regularity with 
which the annual volume of the Radcliffe Observations appeared is 
well known to astronomers. In 1863 he published an excellent 
book on astronomy, intended chiefly for students in our Univer- 
sities. Perhaps it is not invidious to say it is the only book of the 
sort now extant which has been written by a real astronomer, and 
from which the student can learn real astronomy. 

In the later periods of his life -Mr. Main gave considerable atten- 
tion to some of the religious controversies of the day, and he was 
favourably known at the Victoria Institute in London. It will be 
remembered that Mr. Main for many years served on the Council 
of the Royal Astronomical Society, of which body he became 
successively secretary and president. He married a sister of Pro- 
fessor Kelland, of Edinburgh, and leaves behind him a widow and 
three sons, who, together with a large number of colleagues and 
friends at Oxford and elsewhere, will long cherish his memory and 
deplore his removal from among them. 

C. Pritchard. 



Rand CaprorCs Photographed Spectra^. 

This is the flrst work in which any extensive results of the 
application of photography to spectrum analysis have been put 
before the public. Although the instrumental means at Mr. Rand 
Capron s command were of the simplest, the photographs here pre- 
sented tell us at a glance far more than is to be learnt from the 

* Photographed Spectra — one hundred and thirty-six photographs of me- 
tallic, gaseous, and other spectra, printed by the permanent autotype process, — 
with Introduction, &c. By J. Band Capron, F.B.A.S. London: E. & F. N. 
Spon, 1877. 
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most elaborate plates based on careful measorements with powerful 
spectroscopes. In fact it is now beginning to be recognized, thanks 
to the researches of Lockyer and others, that mere measurements 
of the positions of lines are not sufficient, and that each spectrum 
has an individuality of its own depending on the character of its 
line9« It is here that photography steps in. The breadth of the 
spectral lines depends on the density of the incandescent vapour 
which gives rise to them ; and when a metal is vaporized by means 
of the electric spark, we can learn much as to the physical condi- 
tion of the vapour from a knowledge of the breadth of the cor- 
re:»ponding lines at different distances from the electrode. If there 
be impurities mixed with the metal we are examining, the vapours 
which they give off will not be so dense, and will not extend so far ; 
and thus we shall be able to distinguish the true lines of the metal 
examined by their greater breadth in the neighbourhood of the 
electrode, and still more distinctly by their greater length, t. e, the 
greater distance to which they extend across the spectrum. Lines 
in the spectrum due to impurities will, on the other hand, be short, 
as the comparatively small amount of vapour will not extend far 
from the pole. It is by che application of this principle that 
Lockyer has sifted out, as it were, the true or long lines of each 
metal ; and the necessity for some such process will be evident to 
any one who remarks the recurrence of the same lines in the spectra 
of several metals, notably in those of copper, lead, and zinc, as 
given in Dr. Watts*s * Index of Spectra.' Mr. Rand Capron's pho- 
tographs show some very striking instances of the broadening of the 
lines in the immediate neighbourhood of the electrode* This is 
especially noticeable in the case of magnesium, though sufficiently 
marked in the spectra of many other metals, such as antimony, bis- 
muth, indium, lead, nickel, thallium, zinc. On the other hand, 
barium and strontium, which rapidly melted away from the clips, 
show spectra with the lines broad and fuzzy in the middle, the 
vapour in this case having been dissipated at the electrodes by the 
heat of the spark. 

But although, by applying the test of long or short lines, im- 
purities may be sifted out, there still remain the air-lines, which 
commonly stretch right across the spectrum, and frequently con- 
stitute the most conspicuous part of it. This, however, is not an 
unmixed evil. The presence of these air-lines in most of Mr. Rand 
Capron's photographs constitutes, in fact, a natural scale to which 
the true metallic lines may be readily referred. As two photographs 
of the air-spectrum are given, it is easy to mark these off on a slip 
of paper, and by applying the slip to each of the photographs of 
metallic spectra to eliminate the air-lines. 

Besides the spectra obtained with the induction-spark of a 
Ruhmkorff coil, in which these air-lines are generally found, 
Mr. Capron gives another set of photographs for which the electric 
arc between carbon points was used, and in all these photographs 
tlie lines and bands due to the carbon electrodes are more or less 



Digitized by 



Google 



58 Photographed Spectra. [No. 14. 

conspicuous. Now it is an important fact, brought out by the pho- 
tographs, that the number and intensity of the air or carbon-point 
lines differ much in each ftpectrum, depending to a considerable 
degree on the metal burning in the sparlc or arc. *^ It is this fact,'* 
as Mr. Rand Capron remarks, '* that seems to give to each 
spectrum its individuality." In the Introduction he specifies as 
important characteristics of the photographs: — 

*' 1. That considerably more of the spectrum was obtained in 
the direction of the violet end than is ordinarily delineated in the 
published works on Spectra. 

*'2. That notwithstanding the moderate dispersion and the 
limited extent of the spectrum obtained (for want of the red end), 
each individual photograph had, without actual measurement of 
its principal lines, a separate and distinct character, easily recog- 
nized when once seen, and distinguishing it from all others." 

It must be mentioned that Mr. Rand Capron used for the metals 
a direct-vision prism of an inch aperture, with collimator and 
camera, and with this spectroscope he obtained photographs of the 
spectra of some forty metals, extending from about b to H. For most 
of these metals two photographs are given — one taken with the 
induction-spark, and the other with the electric arc from a battery 
of 40 pint Grove cells. Amongst the spectra will be found two 
from meteoric iron and an iron meteqrite respectively. In several 
cases the electrodes were of two different metals, the two spectra 
being thus presented for comparison. 

For the spectra of gases, three different spectroscopes were em- 
ployed, one of these having two simple quartz prisms of 60% and 
the others each a dirr ct-vi^ion prism of large size. 

A number of photographs of the spectra given respectively by 
the capillary and poles of Geissler tubes with various gases are 
presented, two spectra being in several cases brought together by 
means of the comparison prism. In the course of bis work on the 
gases, Mr. Rand Capron made some experiments on the effect of an 
electro-magnet on the capillary part of the tube, but without any 
decided results. The electro-magnet was, however, hardly power- 
ful enough, and photographic difficulties were experienced with the 
gases from which M. Chautard obtained his best results, viz. 
chlorine, bromine, iodine, sulphur, and tin chloride. 

There can be no question, we think, that Mr. Rand Capron has 
done excellent service to spectroscopy by the publication of his 
very complete series of 136 photographs, together with the critical 
explanation which accompanies them. The book ought to be in 
the hands of all who use the spectroscope. In fact, the bringing 
together of so many spectra simultaneously before the eye gives a 
far greater insight into their physical characteristics than a long 
study with the spectroscope of the individual spectra one after the 
other. 

Mr. Rand Capron is to be heartily congratulated on the success 
that has attended his efforts in a field which has too long lain 
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fallow^ and we trust that his work will be widely appreciated by 
all who take an interest in the revelations of the spectroscope. 

Editor. 



CORRESPONDENCE. 
To the Editor of * The Observatory: 

The Transit of Mercury , 1878, May 6. 

Sir,— 

The observation of this phenomenon at Oxford will, I fear, 
only add another instance to the list of failures in the south of 
England. A battery of seven telescopes had been prepared for 
the occasion, including the large Grubb refractor with its sun 
spectroscope, under the hope that we mightcatch the planet entangled 
on the C lines of the chromosphere. Dense clouds proved fatal to 
success, so far as observation of the ingress was concerned. 

However, about nineteen minutes after the commencement of the 
transit, a few short and partial breaks in the clouds occurred, and 
during three brief intervals Mercury was steadily viewed in the 
De La Rue reflector of thirteen inches aperture. For the plane 
metallic speculum I had substituted a large Herschelian front sur- 
face reflector of glass ; a Dawes's eyepiece having a diaphragm of 
0*3 inch and a power of 120 was also applied, and the result was 
a calm and beautifully defined image of Mercury on the Sun. 
During two of the glimpses, 1 entertained no doubt that the centre 
of the planetary disk was very decidedly brighter than the rest of 
the planet ; but during the third and shortest glimp^, I failed to 
recognize the same phenomenon. I could observe nolaureola round 
the planetary disk. The conspicuous brightness neai\to or at the 
centre was confirmed by Mr. Jenkins, who assisted me with much 
intelligence during the observations. We both of us remarked 
that the disk of the planet was not so decidedly black as might 
have been expected. 

Notwithstanding the unpropitious state of the sky, several Masters 
of Arts and some Heads of Colleges had assembled at the Obser- 
vatory to witness the phenomenon. Some of them were rewarded by 
glimpses such as afore described ; but in no case were the observa- 
tions continued for a sufficient time, or with sufficient experiments, 
to enable me to speak with confidence as to the objective actuality 
of the bright stellar point at the centre of the planet's disk. 

I am. Sir, yours faithfully, 

Uniyersity Observatory, Oxford, C. Pritchard. 

1878, May 18. 

Sir,— 

As it seems that the observations of the Transit of Mercury 
on the 6th were so few and so unfavourable, I send you the follow* 
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ing notes of the ingress as seen by myself and three others here, 
with one reflector and three refractors (ray own being of 6*3 in. 
aperture reduced to 2 in.): — The sun was clear of cloud from a 
few minutes before to a few minutes after ingress, the definition being 
good and unbroken. External contact was not before 3** 12" ()•, the 
average being 3*" 1 2" 9*. Three of us agreed exactly as to internal 
contact being at 3** 14" 30' G.M.T., and eight agreed within five 
seconds. Yours truly, 

Mayland Sutton, Surrey, JoHN J. CoLE. 

14th May, 1878. 

Sir,— 

Referring to the transit of Mercury on May 6, we had the 
opportunity of observing it tolerably well here, being at our post 
at the time given in ' The Observatory,' and, watching intently, 
could find no trace of the planet outside the Sun's disk. 

At 3** 12" 30« G.M.T. saw the planet touch the sun's edge perfectly 
round, without any appearance of wing or arc of light. At the time 
of internal contact, the planet appeared to be elongated as if its edge 
was held by the Sun's; probably this was owing to a wisp of cirrus 
cloud which passed over the Sun at the instant. At 4.40 a very 
indistinct group of Sun-spots was to be seen in close proximity to 
the planet (like small grains of sand), which was not to be seen 
before or after the planet had passed it. One thing in parti- 
cular struck me, and I followed it until 5.30, when the Sun was lost 
in threatening clouds — a clear white point of light, brighter than 
any portion of the Sun's disk, and not far from the centre of the 
planet. 

I bade others who were with me look for it without telling them 
of its position, and they also picked it up. The telescope was a 
five feet achromatic by Cooke, aperture 4*1 inches ; the powers used 
were 90 and 140. Yours faithfully, 

Innerleithen, Peebleshire, RoBBRT Mathison. 

1878, Maj 18. 

The Companion to B Cancri. 
Sir,— 

Sir John Herschel, in his ' Second Catalogue of Double Stars,' 
gives I Caucri with a 15-maguilude distant companion as follows : — 
P=160°± D=25"± (estimated). 

Smyth includes this in the * Bedford Catalogue,' calling the small 
star blue, which, he says, was ** only seen by glimpses." He made 
the following measures : — 

P=163°-0 D=25"0 (1838'S). 
How the small star, *' seen only by glimpses," but really not seen 
at all, if the measures have one half the value of a careful eye 
estimation, could have appeared blue or any other colour, requires 
some explanation. 
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The following are all the measures that have been made of the 
small star down to the present time. Fortunately one of them, the 
first (* Annals of the Munich Observatory,* Vol. xvii.), is an early 
observation, near the time of Herschel and Smyth, and settles 
beyond all controversy the position of the companion at that time. 

Munich P=123°-8 ADecl.=27"-94 18361 

Lassell i21°-l D=45"-82 1852-3 

Burnham ... I13°-9 D=40"-97 1878'2 

The last measure was made with the IS^-inch refractor of the 
Dearborn Observatory»v I have always found the small star very 
plain with my 6-inch. The accompanying diagram, drawn to scale, 




shows the place of the companion at the different epochs. It shows 
that the motion is rectilinear, and that the change is certainly due 
to the proper motion of the large star, nearly in the direction of 
164^ the apparent displacement of the small star, as shown by the 
arrow, being in the direction of about 344°. It also shows that the 
place assigned by Smyth is wholly erroneous. The nearest approach 
will occur not far from 1970, when the distance should be about 
82". 

The proper motion of ^ Cancri, according to the B. A. C, is 
R.A.+0"-003; M.P.D. +0''-24. In the Radcliffe Catalogue the 
adopted proper motion in N.P.D. is the same, but in R.A. it is 
— 0^002. The observed positions of B give -|-0"'27 in polar 
distance. I am Sir, your obedient servant, 

Chicago, S. W. Burnham. 

1878, April 28. 

X Ursee Minoris. 
Sir,— 

I trust you will allow me a little space, just to add to what 
has been written touching X Ursae Minoris, that there is a long and 
very interesting note by Mr. Pogson on that star and the neigh- 
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boaring variable Cephei 24 (Hevelii), in the ^ Radclifie Observations/ 
Vol. XV. page 291. I am indebted to the kindness of a well-known 
variable-star observer for this valuable reference. I am mach 
obliged to your correspondents who have looked for X with the 
naked eye ; I wish I could conscientiously say I had been equally 
successful. Yours truly, 

Hopcfleld, West Dulwich. George HuNT. 

1878, May 9. 



NOTES. 

On the Reversal of the Lines op Metallic Vapours. 
No. II. * — In a second paper on this subject read before the Royal 
Society, Professors Liveing and Dewar give an account of further 
observations made by them. They have succeeded in reversing the 
characteristic lines of the vapours of rubidium and caesium. On 
account of the volatility of these elements, of the small quantities 
of their compounds at the disposal of the experimenters, and of the 
light emitted from hot iron not extending so far into the violet as 
the rubidium lines, the method of experiment was varied from that 
described in their last paper. 

In making the* observations on the compounds of rubidium and 
caesium, glass tubes were used arranged as follows : — A piece of 
combustion-tubing had one end drawn out, the end turned up 
sharply and sealed off so as to give a tolerably plane face at the end 
of the tube; ''a small bulb was then blown at about an inch from 
the end, and the tube drawn out at about an inch fr6m the bulb on 
the other side, so as to form a long narrower tube. Some dry rubi- 
dium or caesium chloride was next introduced into the bulb, and a 
fragment of fresh-cut sodium, and the narrower part of the tube 
turned up, so as to allow the tube and bulb to be seen through in 
the direction of the axis of the tube. The open end was then 
attached to a Sprengel pump and the air exhausted ; the sodium 
was then melted, and afterwards either dry hydrogen or nitrogen 
admitted and the end of the tube sealed off at nearly atmospheric 
pressure." This pressure of gas inside the tube was necessary to 
prevent the metal condensing in drops at the ends of the tube. A 
lime-light was viewed through these tubes placed lengthways in 
front of a spectroscope. 

On warming the bulb of a tube in which rubidium chloride had 
been sealed up with sodium, the D lines were soon seen, and there 
appeared soon two dark lines near the extremity of the violet 
which were found to be identical with the violet lines of rubidium. 
Next appeared faintly the channelled spectrum of sodium in the 
green, and then a dark line in the blue (very sharp), in the place 
of the more refrangible of the lines of caesium in the flame 

* Frooeedings Boyal Society. 
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spectrnm. As the temperature rose, these dark lines, those ia the 
Tiolet especially, became broader, and then a fine dark line appeared 
in the blue corresponding to the less refrangible of the csesium 
blue lines. At this time no dark line could be seen in the red ; 
but as the temperature rose, a broad absorption band appeared in 
the red, with its centre midway between B and C, ill-defined at the 
edges, and not very dark. The lines in the violet had now become 
so broad as to touch and form one band. On cooling, the band 
in the red became lighter gradually without becoming defined, and 
was finally overpowered by the sodium-spectrum in that region. 
The double dark line in the violet became again sharply defined 
as the temperature fell. 

The two dark lines observed in the blue in the place of the cha* 
racteristic blue lines of cepsium. Professors Liveing and Dewar 
believe to be due to a small quantity of caesium chloride present 
in the rubidium ciiloride. 

When a tube containing csE^sium chloride and sodium was 
observed, the two dark lines in the blue were seen soon after the 
heating began, and the more refrangible broadened sensibly as the 
temperature rose. The usual spectrum of sodium appeared in the 
green, and an additional channelling appeared in the yellow, which 
may be due to csesium or to the mixture of the two metals. 

These absorption-lines of caesium coincide with the blue lines of 
caesium as seen in the flame, not with the green line which the 
metal shows when heated in an electric spark of high density. 

It is to be noted, however, that by varying the electric means 
employed, the spectra of rubidium and caesium chlorides may be 
made to vary. 

The observations on the absorption of magnesium and of mix- 
tures of magnesium with potassium and sodium have been extended. 
In these observations the same apparatus as de:$cribed in the last 
paper was used. 

The results are as follows : — When commercial magnesium (with 
only a small percentage of sodium) was used, the absorption pro- 
duced by magnesium consists of-— 

(1) Two sharp lines in the green, one broader than the other, 
broadening further as the temperature increases, and coinciding in 
position with the least refrangible of the b group. The other is 
less refrangible and has a wave-length nearly 5215. 

(2) A dark line in the blue. This line was better seen when a 
small quantity of potassium was added. 

(3) A line or band in the green rather more refrangible 
than the b group. These absorptions may be fairly ascribed tn 
magnesium. The following absorptions appear to be due to mixed 
vapours. 

(4) When sodium and magnesium are used together a dark line 
appears in the green with wave-length about 5300. This is the 
characteristic absorption of the mixed vapours of sodium and mag- 
nesium* 
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(5) The characteristic absorption of potassium and magnesium 
consists of two dark lines in the red, with wave-lengths about 6580 
and 6475, 

(6) With a mixture of potassium and magnesium there was seen 
upon one occasion a dark line in the blue, with a wave-length about 
48^0. But this line may be due to magnesium alone. 

The observations may be thus summed : — There is no exact 
reversal except of the line 5, and this may be an accident. But in 
the solar spectrum there is an absorption line hitherto unaccounted 
for, closely corresponding to each of the lines above described. On 
Angstrom and Thalen^s map there are dark lines at 6580 and 6585, 
a broad dark line between 6474* and 6475, and a dark line at 5300. 
There are also dark lines nearly, if not exactly, coincident with the 
series of seven bright lines of magnesium detailed above, not seen 
strictly reversed. 

The coincidences hitherto observed in the solar spectrum have 
chiefly been with lines given by dense electric sparks ; it is not 
improbable that the conditions of temperature, and admixtures of 
vapours in the upper part of the solar atmosphere, may resemble 
much more nearly those in the tubes just described. 

Professors Liveing and Dewar draw attention to the wide field 
for research in the absorptions produced by mixtures of vapours, 
and state their intention of pursuing their observations, using higher 
temperatures if possible. M. L. H. 

The November Meteors.— Prof. Kirkwood writes, in the Ameri- 
can Journal of Science for 1878, January, that fifty-four Meteors were 
counted by two observers (B. Vail and J. P. Carr) at Bloomington, 
Indiana, on the morning of Nov. 14, 1877, between 1.55 and 3.45 
A.M., being at the rate of 30 per hour. Nearly all were Leonids, a 
few being as large as first -magnitude stars, with trains which lasted 
for several seconds. The appearance of so large a number ten or 
eleven years after the maximum displays of 1866 and 1867 is quite 
unexpected. The early part of the night was cloudy, but before 2 
A.M. the sky had become quite clear. 



New Direct- vision Spectroscope*. — M. Thollon has arranged 
a form of spectroscope in which *^ direct- vision '' is obtained by a 
series of reflexions from right-angled prisms. The collimator and 
telescope are mounted in one straight line, and two right-angled 
prismp, united by their hy pothenuses so as to form a perfect cube, are 
fixed between them, with their edges parallel to the slit, and one 
side of each facing the collimator and telescope respectively. The 
rays from the collimator are reflected laterally by the first of these 
two prisms, and fall on the upper part of a train of prisms placed on 
one side, and ending with a right-angled prism of two reflexions. 
By this arrangement the rays pass through the lower storey (as it 
* Comptes Bendus, Vol. Ixxxvi. No. 5. 



Digitized by 



Google 



1878.] Notes. 65 

were) of the prisms and cross the axis at right angles under the 
cube, when they fall on a similar train with a second reflecting prism, 
which sends the pencil back again through the upper storey and 
thence on to the second prism of the cube, by which it is reflected 
into the vie wing-telescope. Half-prisms may be cemented on to the 
faces of the two reflecting prisms of the cube as in other spectro- 
scopes, of which this arrangement is merely a modification. Another 
arrangement for giving direct-vision with an ordinary automatic train 
of prisms was contrived some time ago by Mr. Hilger of London. 
The rays, after passing twice through the train in the ordinary way, 
fall on a prism of two reflexions, which raises them above the plane 
of the prisms and sends them out in the original direction. In this 
form, the telescope and collimator are not in one straight line, though 
their axes are parallel ; but, on the other hand, only four reflexions 
from two right-angled prisms are necessary instead of six from four 
prisms as in M. Thollon's plan. 



Polarization of Light from the Moon and Venus*. — 
During the years 1872-5, Lord Rosse has been engaged with researches 
as to the position of elongation from the Sun at which the polarization 
of a point on the Moon's surface attains a maximum, under the idea 
that it might thus be possible to obtain an approximate value of the 
refractive index of the material composing the surface, and so to 
distinguish between material of a vitreous nature, ejected from vol- 
canoes, and a surface of ice and snow. The subject has been in- 
vested with the greater interest from the fact that Arago, having 
found the maximum of polarization of the whole of the Moon's light 
to occur at or near quadrature, remarks on the circumstance as being 
what might be expected to result from the reflecting surface being 
gaseous ; and he appears to think the polarimeter may afford us 
some information on the question of the existence of a lunar atmo- 
sphere. 

A polarimeter differing little from Arago's was used, and the 
probable error of the value for the polarization on any one night, 
from a series of sixteen readings, did not exceed one per cent. But 
the discrepancies between various nights are much larger, and the 
results must be accepted with reserve. From observations on the 
Mare Crisium, ranging from an elongation of 60° to one of 150% the 
polarization appears to be at a maximum for an elongation of about 
86% being then ^ whilst at 60° it is 5—, at 120^ ^-^q, and at 150° 
0^* The amount of polarization is taken as the ratio of the inten- 
sities of the light polarized in and perpendicular to the plane through 
the Smi. Observations were also made on Mare Imbrium, Mare 
Serenitatis, Palus Somnii, the region between Macrobius and Proclus, 
and other parts. The polarization is in general greater on the plains 
than on the more uneven parts. 

* Proc. Boyal Dublin Society. 
VOL. II. F 
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Measurements of the light of Venus made hetween 1872, March 
12, and April 6, gave as a mean value for the polarization q—, of 
which no regular variation was perceived during the progress of the 
observations, although the change of phase was considerable. 



Oxford University Observations. — The University Obser- 
vatory at Oxford, which owes its origin to Mr. De La Rue's 
generous gift of his 13-inch reflector and accompanying apparatu^s 
was so far in readiness by the autumn of 1875 that observations 
were then commenced, and the first instalment of these is now 
published by Prof. Pritchard, to whose energy the establishment of 
this important Observatory and its complete organization are entirely 
due. Besides the De La Rue reflector which has been devoted 
to Lunar Photography, the Observatory possesses a fine equatoreal 
refractor of 1 2| inches aperture by Grub b, and the observations 
with this instrument up to the end of 1877 are here presented. 
They consist of three extensive series of micrometrical measures of 
Saturn's Satellites in 1875-6-7, of some 400 measures of about 120 
double stars, dnd of observations of five comets in the year 1877. 
Of these, Comet a was observed on 17 nights, Comet b on 37 nights. 
Comet c on 16 nights, Comet e on 12 nights, and Comet / on 3 
nights. Provisional elements of these five comets are given and, in 
the case of Comet 6, a comparison of the observations with an 
ephemeris computed from the elements is made. Judging from the 
regularity of the exhibited discordances, it would seem that the 
accuracy of the observations approaches closely to that of the best 
star-measures. In conclusion Prof. Pritchard gives the elements 
of the orbits of three double stars (£ Ursse Majoris, 70 Ophiuchi, 
and /i* Bo5tis) computed by a new method, in which the results of 
a graphical solution «ire used as the foundation for an algebraic 
process. A comparison with the interpolation curve of the obser- 
vations shows very small outstanding discordances, which, however, 
are to a certain extent systematic. It is hard to say how far these 
errors are due to personality, which would aflect the results of 
several years at a time ; but, at any rate, Prof. Pritchard has found 
that the results obtained by different observers are most conflicting, 
and on this account he has decided in future to restrict the obser- 
vations to a small and select number of stars to be frequently 
observed and with great care. By means of the ingenious duplex 
micrometer recently devised by him. Prof. Pritchard hopes to be 
able to measure differences of celestial arcs up to 20' with a degree 
of accuracy approaching that of the heliometer. 

With the De La Rue reflector, 1200 measurable photographs of 
the Moon have been obtained, and these are now about to be 
measured with a delicate micrometer presented by Mr. De La Eue. 
By means of this instrument Prof. Pritchard hopes to be able to 
settle the vexed question of the Moon's physical libration. 

The University of Oxford is to be congratulated on the success 
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which has attended the operations of its new Observatory, in which 
a class of astronomical work that has long called for attention iu 
thid country is being taken up in a manner which gives every hope 
for the future. 



Solar Eruptions*. — P. Ferrari at Rome observed a remarkable 
' solar eruption on 1877> Nov. 7, which appeared to be connected 
with the great spot then passing off the disk. The changes were 
so rapid at times that it was impossible to get accurate drawings of 
the form of the prominence, though P. Ferrari gives ten sketches 
made between 9.30 a.m. and 4.15 p.m. The most singular circum- 
stance in connexion with this outburst was that the higher and 
lighter clouds of the prominence drifted from north to south as if 
carried by the wind, and so rapidly that they moved from 260^ to 
i^45° in a little less than half an hour. This fact, in P. Ferrari*s 
opinion, confirms Secchi's observations of currents in the Sun*s at- 
mosphere analogous to our trade-winds. This prominence attained 
a height of 120", and showed the lines of hydrogen, helium, iron, 
and 1474 K reversed. P. Ferrari remarks that on Nov. S, whilst 
the spot was crossing the Sun's disk, there was a magnetic disturb- 
ance, and that such disturbances happen either before or after the 
appearance of a group at the east limb, and not merely at the exact 
time. We must, however, point out that the photographic records 
at Greenwich show this disturbance to have been of a very ordinary 
character. In fact it does not come up to the standard for a dis- 
turbed day ; and there would seem to be nothing at ail remarkable 
ID the fact of a slight magnetic disturbance, such as may be expected 
on the average at least once a mouth, happening at some time during 
the fortnight when a spot is on the Sun's disk. A somewhat greater 
disturbance occurred on Oct. 11, when there was no trace of either 
spots or faculse on the Sun ; the magnets remained then very quiet ^ 
till Nov. 3, notwithstanding the appearance of the spot on Oct. 24, 
aft^r which there came another quiet period interrupted only by a 
small disturbance lasting from Nov. 8, 5^y to Nov. 9, lO'^, t. e. from 
one to two days after the spot had passed off. The reappearance of 
the spot towards the end of November was not marked by any 
magnetic storm ; the next which occurred being on 1878, Jan. 23- 
24, when, strange to say, the Sun was remarkably quiet, there being 
only two very small spots on the disk. Although there can be little 
doubt that solar phenomena and magnetic perturbations are in a 
general way related, it is very difficult to establish a direct connexion 
between a definite phenomenon on the Sun and a specified disturb- 
ance of the magnet. Our ignorance of what is happening on the 
other side of the Sun presents a great difficulty. 

Mr. Trouvelot f records a remarkable instance of the sudden ex- 
tinction of the light of a solar prominence which he witnessed on 

* Mem. degli Spettroac. Italiani, 1877, November, 
t Americftn Journal, 1878, February. 
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1874, June 26. Whilst watching a very bright detached jet, resem- 
bling an elongated comma in shape and having a height of S' 37% 
with a maximum breadth of 3°, it suddenly vanished and no further 
trace of it could be seen, although the small jets of the chromosphere 
below it remained visible. On several occasions Mr. Trouvelot has 
seen the light of a prominence die out gradually* and he has also 
witnessed the gradual illumination of a prominence — a similar phe- 
nomenon having been recorded by Prof. W. A. Rogers during the 
solar eclipse of 1869» observed by him with a 9- in. refractor at 
Des Moines, Iowa. 

Another noteworthy observation is a sudden explosion seen on 
1872, Sept. 10. At 0** 33" a narrow flame forming an arch 36" high 
was seen ; two minutes later it suddenly became detached from the 
limb and sprang up to a height of 70", corresponding to a motion 
of 16,000 miles, or twice the earth's diameter. In another two 
minutes, at 0*^37™, it had ascended to 118", correspondine to a 
further movement of about 22,000 miles ; at 0** 43", six minutes 
later, it began to descend, and in two minutes had reached its former 
level, soon after which it sank to the level of the chromosphere and 
was lost in it. 



Transit of Mercury. — In addition to the observations given 
in the Report of the R. A. S. meeting and in the Correspondence^ 
reports have been received from a number of observers abroad. 
M. Janssen at Meudon was able to see Mercury outside the Sun's 
disk before external contact, and by means of the spectroscope he 
succeeded in establishing the existence of an atmosphere round the 
planet and its constitution. He also obtained some photographs, of 
which two are excellent. Capt. Mouchez and MM. Henry at the 
Paris Observatory observed internal contact, though the observa- 
tion was bad owing to cloud, as was also the case at Algiers and 
Bordeaux. 

At Toulouse M. Perrotin observed internal contact through 
cloud so dense that a dark glass was not used. Under the^e cir- 
cumstances he remarked a dark aureole or penumbra round the 
planet, but this disappeared when the light became too bright. 

The French expedition to Ogden, Utah, was perfectly successful, 
78 photographs of the transit having been taken by MM. Andr6 
and Angot, as well as observations of contact. Satisfactory obser- 
vations and photographs were also taken at the U.S. Observatories 
at Washington and West Point 

The transit was also observed in Spain, at San Fernando and 
Cadiz. At the latter place M. Arcimis recoi-ds that no arc of light 
was seen before internal contact, either outside the Sun or round 
the part of the planet's limb on the Sun. At internal contact the 
planet assumed a balloon or pear shape, and for a long time after 
no ring was seen round the planet. About an hour and a half 
after ingress, however, a dark ring, not so black as the planet and 
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about 8" or 10" broad» was seen, the sky being then quite clear. 
No bright spot was detected. M. Arcimis used a 3| in< refractor, 
with powers of 92 and 230. He makes the interval between ex- 
ternal and internal contacts 2"^ 37S whilst two observers at San 
Fernando make it 2" 48'. 

The observations of contact published up to the present time 
agree closely with the predicted times based on Le Verrier s tables, 
the general accuracy of which is thus supported. 



Supplement to Herschel's General Catalogue of 
Nebula. — Since the publication, some thirteen years ago, of Her- 
scheKs great work, containing the places and descriptions of over 
5000 nebulae, a large number of new nebulae have been found which 
should be added to the catalogue, whilst the observations of 
D'Arrestand others have revealed the existence of many discrepancies 
in the recorded observations. Thus Mr. Dreyer came to the con- 
clusion ^* that this excellent work, both as regards completeness and 
exactness, appears to want a supplement." Remembering a remark 
of Sir John Herschers that any amount of time spent in preparing 
extensive working-lists is well spent, Mr. Dreyer commenced his 
work at Lord Rosse's Observatory by bringing together a list of all 
objects which appeared to require re-observation, and in the course 
of the careful study of the work of other observers, especially 
D'Arrest and Schultz, to which he was thus led, a series of notes and 
corrections to the < General Catalogue ' was formed. This list of 
corrections, together with a catalogue of all the nebulae (more than 
1 100) found since Herschers work appeared, is now published. That 
such a catalogue of new nebulae is much needed at the present time 
may be inferred from the circumstance that many of the " new 
nebulae " discovered at Marseilles during the last seven or eight 
years are to be found either in D' Arrest's work or in Marthas list 
of 600 found at Malta with Mr. Lassell's four-feet reflector. 

The Notes and Corrections to Sir John Herschel's * General Cata- 
logue ' occupy 14< quarto pages, followed by a list of all published 
drawings of nebulae not included in Herschel's list, after which comes 
the * Supplementary Catalogue ' containing tlie places for 1880 and 
summary descriptions of 1172 new nebulae, thus raising the total 
number now catalogued to 6251. 



Encke's Comet. — Dr. von Asten of Pulkowa has published an 
ephemeris of this interesting object, founded on his elaborate dis- 
cussion of the orbit ('Observatory,* Vol. i. p. 21) ; but unfortunately 
the distance of the comet from the Earth and the disturbing effect 
of twilight will hardly allow of observations before perihelion pas- 
sage (July 11) in the northern hemisphere. The comet may, how- 
ever, be satisfactorily observed after its perihelion passage at the 
southern observatories. Editor. 
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Meteor Notes for June. 

Our tables of radiant-points (chiefly compiled from Mr. Greg's 
yaluable catalogues), which have now extended over 12 months, 
contain, it is believed, a large number of the most important an- 
nually-recurring meteor-streams, and will, it is hoped, afford such 
information for each month as is required by amateurs. It is not 
proposed to continue these tables in the same form, as that would 
merely result in useless repetition ; but our future references to this 
branch will contain notices of those radiants not already mentioned, 
and will for the most part consist of notes on new showers and 
directions to intending observers. We also hope to give extracts 
from recent observations, and shall be glad to receive such records 
from any of our readers engaged in the work. 

In June shooting-stars are more than ordinarily frequent, and 
notwithstanding the strong twilight should be looked for, in the 
absence of the moon, during the first 12 days chiefly in the morn- 
ings, and during the last 8 days chiefly in the evenings. It is 
desirable to reobserve and confirm showers at 286°, +21°; and 273°, 
— 2°. The latter (close to ly Strpentis) falls near the radiant and 
date of Comet III. 1618. There is alxo a shower n^ar ij Ursae 
Majoris at 207°, +47° (No. 72 of S. & Z.) for June 14-21, which 
has, however, already been verified by Heis. A strong radiant at 
a85°, —13° was observed by Tupman for June 24- July 6, and 
slightly confirmed by the writer last year from several large slowly- 
moving meteors. Showers at 242°, + 12° (Heis, June) ; 2.55°, +23° 
(Schmidt, June 15-26); 260°, +54° (Heis, June 16-30); 266°,- 12° 
(Schmidt, June) ; and 330°, +4'ii° (Heis, June), should be watched 
for. The latter is the Lacertidt; G. ^ H. give the radiant slightly 
N.E. of Heis. It is a very rich shower with long duration, and 
apparently endures through July into August. It will be important 
to ascertain the exact positions and durations of these successive 
showers from Lacerta. In this connexion it is obviously essential 
to utilize only such meteors as are well seen in regard to the direction 
and length of path and other specialities of appearance. 

Recent Observations, The April Lyrids. — A few of these meteors 
were seen on April 20, 21, and 22, at Bristol. Watches reaching 
5\ hours in the aggregate on the 3 nights revealed 54 shooting-stars, 
of which 13 were Lyrids. The radiant-point wa«« very sharply 
defined at 272°, +32°, and evidently lies very close indeed to that of 
Comet I. 1861, with which a connexion has been inferred. The 
meteors were trained, with slow motion and foreshortened paths. 
In 1873-74 the absolute inaction of this radiant was noticed on 
April 21, while this year it certainly continued in progress on that 
and succeeding night. Of the contemporary showers only two 
could be ascertained with any certainty, viz. at 293°, +43°; and ^63°, 
+62°. Only 2 meteors were conformable to a radiant in Corona. 

W. F. Denning. 
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The Sun, Moon, ^c. 

Pontion of the Sun^s North Pole. 
1878. PoB. -angle. Distanoe. 
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The Moon. 
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The Planets. 

Mercury is a morning star till July ^^ wheo he is in superior 
conjunction with the Sun. 

Ventis is a morning star, rising before 14>^. Her disk is gibbous, 
the illuminated portion on June 15 being 0*689, and on July 15 
0*790, and the corresponding diametei*s 15'^*9 and 13''*2. 

Jupiter is a morning star, in Capricornus, approaching opposition. 
His diameter on June 15 is 4'2''-7, and on July 15 45''*0. 

Saturn is a morning star, stationary, about midway between 
j3 Ceti and y Pegasi. The following are the dimensions of the ring : — 

Outer Bing. Inner Bing. Ball. 

Maj. Axis. Min. Axis. Maj. Aids. Min. Axis. Diam. 
June 14.... SS^-TS 3''-19 25"'!^) 2''-l2 15"-6 

July 4 40''16 3''-46 26"-70 2"-S0 16"-2 

The south side is visible, the elevation of the Earth above the 
plane of the rings being 4° 43' and 4° 57' S. on June 14 and July 4, 
and of the Sun 1° 54' and 2° 12' S. Editor. 

Ephemeris ofTempeVa Comet (by Dr. L. Schulhof) 
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25 15 *9 38 

27 "5 »9 5 

29 15 28 42 

July 1 15 28 31 
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Log. A. Brightness. 



9-8192 
98157 
9-8133 
9-8119 



0-947 
0988 
1-025 
I 05 8 



The brightness was 0*385 at the time of the last observation of 
the comet on 1873, Oct. 20. 3gle 



THE OBSERVATORY, 

A MONTHLY KEVIEW OF ASTEONOMY. 

No. 16. JULY 1. 1878. 

MEETING OF THE ROYAlL ASTRONOMICAL SOCIETY. 

Friday, 14th June, 1878. 

Prof. Cayley, M.A., LL.D., F.R.S., Vice-President, in the Chair. 

Secretaries : Mr. J. W. L. Glaishbr, F.R.S., and 
Mr. A. CowPER Ranyard. 

The Minutes of the last Meeting were read and confirmed. 

Mr. 6^^»Aer announced that 50 presents had been received by the 
Society since the last Meeting, and thanks were voted to the donors. 

Professor Adams read a paper entitled ** Note on a remarkable 
property of the analytical expression for the constant term in the 
reciprocal of the Moon's radius vector." 

The following is a brief outline of the results obtained in the 
paper: — It is known, dpriori^ that if the mean distance in an andis- 
turbed elliptic orbit which the Moon would describe about the Earth 
in its actual periodic time be taken as the unit of length, and if the 
reciprocal of the Moon's radius vector be developed in circular 
functions of angles which increase proportionally to the timey then 
the constant term in this reciprocal will be of the form 

A+Bc»+C/+E«*+2FcV+GyV&c. 

Where e is the eccentricity of the Moon s orbit, and y the sine of 
half the mean inclination ; and the coefiicients A, B, C, &c, are 
functions of m, the ratio of the mean motions of the San and Moon, 
and of e'\ the square of the eccentricity of the Sun's orbit 

Plana, and those who have followed him in the analytical treat- 
ment of the Lunar theory, have developed the functions of m which 
occur in the coefficients of the lunar inequalities, in series of 
ascending powers of m, and have determined a few of the leading 
terms in th^se series. 

With respect to the coefficients B and C in the above expression, 
Rana shows that if the eccentricity of the Sun's orbit be neglected, 
and if the developments be carried to terms involving m\ then these 
coefficients both vanish. Pont^coulant afterwards showed that the 

VOL. II. G 



Digitized by 



Google 



74 Proceedings at Meeting of [No. 15. 

same thing takes place when the developments are carried to terms 
involving w*. 

These investigations of Plana and Pont^coulant, while they 
show that the coefficients of certain powers of m vanish by the 
mutual destruction of their parts, give no reason why such mutual 
destruction takes place, and throw no light on the values of the co- 
efficients of higher powers of m. The author was led, many years 
ago> to consider this subject from a new point of view ; and he 
succeeded in proving, by two different methods, that the functions 
denoted by B and C vanish identically, whatever powers of m 
and e'^ are taken into account. The simpler and more elegant of 
these methods is given in the present paper. 

By an extension of the same method the author has found two 
simple relations between the coefficients £, F, G, of the terms in- 
volving c^ c^y^, and y* respectively. These relations may be thus 
stated. 

If, as usual, c denote the ratio of the Moon's mean motion from 
the perigee to its mean sidereal motion, and g denote the ratio of 
the Moon's mean motion from the node to the same mean sidereal 
motion, and if the terms of c which involve e^ and y^ be 

He" +K/, 
and similarly the terms of ^ which involve ^ and y' be 

M«^-hNy% 
then the relations in question will be 

E H ^ F M 

where H, K, M, N, like E, F, and G, are functions of m and e". 

Mr. Neison. I have been much interested by Prof. Adams's paper, 
for he has solved a problem of which I have only succeeded in 
obtaining a partial solution. I have succeeded in showing that, as 
far as the second power of the disturbing forces, the coefficients of 
these terms in the constant part of the moon's parallax must vanish. 
Therefore there can be no term lower than the order m^ I have 
not yet been able tb extend this proof to the higher powers of the 
disturbing forces. Prof. Adams^ however, has now shown that these 
coefficients must always vanish. 

Captain Tupman read a paper on the measurements of the Transit 
of Venus photographs. He said that the photographs which had 
been measured were taken with the five Photoheliographs made by 
Mr. Dallmeyer for the Transit of Venus Expeditions on '* Patent 
Plates " 6 inches square, the images of the Sun being very nearly 
S*9 inches in diameter. The dry process of Captain Abney was 
used throughout. 

The measuring instrument, the determination of the errors of its 
glass millimeter scale, and the method of obtaining the optical dis- 
tortion of the Photoheliographs had already been described in the 
Society's ' Proceedings.' It had been found by an elaborate investi- 
gation that the lines of equal distortion were sensibly circles con- 
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centric with the ceutre of the field. The actual correction for 
distortion for that zone of the field in which the points to be 
measured generally fell was exhibited on the board and was almost 
identical for all five instruments. 

Before commencing the measures of a negiitive, the position of 
the line of centres was marked upon the film by a simple mechanical 
process. This operation had been performed independently by Mr. 
Burton and himself with no sensible difference. He had paid no 
attention to the marks left by Mr. Burton on the plates and found 
that his own coincided with them in direction. 

In placing the negative in the instrument the circular carrier was 
turned about until the line of centres was truly parallel to the 
direction of the sliding motion of the microscopes. 

When the negatives are placed under the microscope with an 
amplification of only 5 or 6 diameters^ the limbs of both planet and 
Sun, even those which are pretty sharp to the unaided eye, become 
extremely indistinct, and the act of bisecting a limb with the wire 
or cross of the micrometer is mere guesswork. The deposit of 
silver fades ofi* gradually to nothing, and the denser the film the 
broader generally is the zone of fading off, and the more uncertain 
the measures. In many cases the difficulty is aggravated by rugged- 
Dcss due to atmospheric disturbances ; but the smooth and gradual 
fading off is the chief cause of uncertainty. 

There b only one really sharp picture in the whole collection, 
including the Indian and Australian contingents, and that is one of 
Captain Waterhouse's wet plates taken, at Roorkee, with a Dall- 
meyer instrument precisely similar to the others* 

It should be remarked that in these instruments the artist has 
attempted to unite the photographic and visual foci on the collodion 
film. No doubt some sharpness of the photographic image was 
thus sacrificed ; but this has little or nothing to do with the un- 
fortunate failure of the photography generally. 

Each photograph had been measured six times by Mr. Burton, 
and six times by himself. He was not able to include in his series 
of measures all the photographs measured by Mr. Burton, for the 
reason that when some of them were viewed through the microscope 
be could see nothing to bisect, either from the extreme faintness of 
the film or from its too gradual fading off. Mr. Burton generally 
employed a cross of webs, but he had preferred a single very fine 
web, the breadth of which was eliminated in the mean by the mode 
of bisecting. 

It had been suggested that the measuring instrument should 
possess the power of rotating the sun's image about a mechanical 
centre. This would be useful in some cases of rugged limbs when 
the sun's Image was not rendered elliptical by refraction, but, in his 
opinion, would make no material difference in the accuracy of 
measurement. The rotation could only be applied to the limbs of 
the sun, whereas, perhaps, the greatest difficulty had been at the 
limbs of the planet. 

From the measures corrected for distortion were obtained the 
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photographic diameters of the Sun and of Venus ; the former pre- 
sumably enlarged, the latter diminished by irradiation in a sensibly 
equal degree. The sum of the measured diameters in millimetres 
was pompared with the sum of the tabular diameters, subject to 
errors for the scale value, and thus every photograph furnished its 
own scale. The paper then gave the formulae by which the measured 
distance of centres affected by errors of semidiameters was com- 
pared with the tabular distance affected by errors of parallax. Right 
Ascension, and North Polar Distance. From each photograph was 
formed an equation involving all the unknown quantities, of which the 
errors of parallax and of semidiameters were the more important. 

The rigorous solution of the equations resulting from Mr. Burton s 
measures was : >- 

Mean Solar Parallax = 8"-240 - -021 (dR + dr). 

dR.A. = +5"-38 + -287 (dR + dr), 

d N.P.D. = -5"-10 - -882 (dR + dr). 

From his own measures he obtained 

Mean Solar Parallax = 8"-082 — -040 (dR + dr). 
dR.A. = +5"-04« + -298 (dR + dr), 
rfN.P.D. = -3"-36 - -881 (dR + dr). 
The parallax deduced being absurdly small, altogether inadmis- 
sible indeed, the Astronomer Royal suggested that the quantity 
(dR + dr), dr the sum of the corrections to the Tabular semi- 
diameters , should be considered the only unknown, and that approxi- 
mate values of the true Solar parallax and of the errors of R.A. and 
N.P.D. should be substituted in the equations. This was done, the 
mean Solar parallax being taken at 8"-85, dR.A, as +5"-81,(f N.P.D. 
as — 5"'33, which values resulted from the general solution of the 
whole of the contact equations, and the following values of dR + dr 
were obtained : — 
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The above is perhaps the best way to exhibit the nature of the 
discordances ; they might also have been shown as apparent errors 
of the tabular distance of centres. 

The discordances at any one station are too large to admit of the 
measures being employed with advantage for the determination 
of the Solar Parallax. They are due to inherent defects of the 
photographic images. The reason why at the two northern stations 
the signs are all mintis, while at the three southern they are a\\plu9 
is at present obscure, and he (Captain Tupman) was not prepared 
to offer any suggestion as to the cause. 

The Astronomer RoyaL I will confine myself to one or two 
supplementary remarks. We took very great pains in regard to ail 
things which would seem of the nature of constant error in the 
measures of the photographs. The first thing was to assure our- 
selves of the accuracy of the millimeter-scale engraved by Mr. 
8imms, by means of which all the measures made upon the photo- 
graphs are evaluated. We made the most careful examination by 
a process of halving and halving. We took a space of 128 divisions 
and dividing by 2 we had 61r, and by comparing these two halves we 
got the error of the middle point This space of 64 was divided 
into two, so that we got the error of each 32nd division. Then, 
again, that was divided into two and we got the error of each 16th 
division, and so on until the error of every division of the engraved 
scale was found with the utmost accuracy. 

Another thing was to get an assured measure of the distortion in 
the direction of the radius of the field ; and for that purpose we 
made use of a scale of equal parts 16 feet long, very carefully con- 
structed by Mr. De La Rue for another purpose. It is a beautiful 
piece of mechanical structure, but we did not trust to the equality 
of the divisions there ; we checked them every one by accurate 
measurements, relying only upon the firmness and good construction 
of the instrument. This scale of equal parts was made by Mr. De 
La Rue some years ago, and it was carefully preserved at the Kew 
Observatory, and it has turned up for a use even more important 
than that for which it was made originally. We took photographs 
of that scale in the same manner that we did for the Sun and Venus, 
and we were prepared then to correct the measure of the image of 
every portion of every one of these photographs of the scale ; and 
by having a photograph of the scale which, by correction, became 
a scale of equal parts, and by examining by means of the millimetre 
scale we found those which ought to be equal parts in the photo- 
graphs were not equal parts, and that was the effect of distortion. 
It was not very great ; but it came out uniformly, measure after mea- 
sure, in such a way as showed that our process was one of at least 
sufficient accuracy. 

With reference to the result, I must say I was grievously disap- 
pointed. I had been officially called upon to express an opinion as 
to the propriety of incurring the expense of the photographic work. 
Although I had some doubts upon it, yet, upon the whole, I ex- 
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pressed myself as favourable to it, and was responsible for the 
expense. I can only say that I have been much disappointed. The 
images themselves certainly are very troublesome. I think the dis- 
cordances will be quite understood from what was shown upon the 
board. The millimetre measure of the distance between the centre 
of the Sun and the centre of Venus in the photograph is a certain 
thing, inasmuch as it is founded upon a point which is the mean 
between the two limbs of the Sun, and the point which is the mean 
between the two limbs of Venus. I have no doubt of the generally 
close accuracy of that measure. Then the thing was to get a scale 
for the evaluation of that measure, and the scale which I adopted ([ 
do not say it was infallible, but it was the best I could use) was the 
sum of the diameters of the Sun and of Venus. The reason for that 
was, that in taking the measure of the diameter of the Sun we are 
affected by the errors of irradiation of one kind, and in taking the 
measure of the diameter of Venus, which is black upon white, we 
were affected by errors of irradiation of an opposite kind. We might 
suppose that they would annihilate each other, but I am confident 
now that they did not annihilate each other. The uncertainty and 
the discordance of our results, I imagine, arises from two causes ; 
one is from the excessive brightness about Venus which sometimes 
makes Venus look almost like a hat with a verge around it, and from 
the excessively gradual degradation of light at the limb of the Sun. It 
is a far more difficult practical problem than I could have imagined 
before the observations were made. 

The first result is that we get a parallax very much differing from 
that which is obtained from the eye observations. From the eye 
observations, afler the most careful discussion by Captain Tup- 
man and myself, we are inclined to fix upon something like 8"*83. 
I will not answer for the one-hundredth part of a second. It is not 
the quantity which we fixed on at first, but that on which, after care- 
ful discussion, we are inclined to fix. From, the reduction of those 
photographic measures we get a parallax of something like 8"*2, a 
thing which is utterly irreconcilable with that derived from the eye- 
observations. Such a discordance as 0"*6 in the amount of parallax 
would spoil every observation made by the eye, and would intro- 
duce the most glaring inconsistencies. Under this difficulty I sug- 
gested to Captain Tupman a course which he has adopted — to see 
if we could make out any thing like an approximate, I cannot say 
cause, but a connexion between those errors and the circumstances 
of observation in any way ; and the way in which I proposed to do 
it, and which was carried out, was this :— I took for granted that the 
reduction of the eye-observations, as given, is very accurate, I will 
not say certain, and of indubitable accuracy, but affording very 
accurate values for the various elements which occur, namely, the 
solar parallax, the relative error of the place of Venus in right 
ascension, and the relative error of Venus in polar distance. These, 
combined with the value of the parallax which we have found, will 
give us a very constant set of values for the sum of the radii of 
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Veous and the Sun. If we take those same values, which we con- 
sider to be certainly established, and apply them to the equations 
which represent the photographic results, we get for the sum of the 
values of the radii of the Sun and of Venus those large discordances 
which were marked out on the board by Captain Tupman, and that 
is all that we can say. We believe that at certain stations the 
diameter of the Sun or of Venus, or both, came out too large, and 
that at certain other stations it came out too small. Why I cannot 
tell at all. I do not see any sufficient explanation of it, although I 
have no doubt whatever of the fact. That is the state in which we 
are left, and I am very sorry for it. 

Pr^. Cayley, In one of the photographs, I think you said, the 
border comes out quite sharply. 

Capt, Tupman. That was a wet plate taken by Captain Water- 
house in India. 

Mr. GiU. Although we can hardly say that observation by pho- 
tography is any thing but an experiment as yet, it must be, in a cer- 
tain sense, satisfactory to the Astronomer Royal to find that, so far 
as reports reach us, the other nations who have adopted photography 
in the Transit of Venus observations have not been more successful 
than have the British. For my own part I attached a good deal of 
importance to the absolute determination of the scale-value of our 
photographs, and great pains were taken to secure an absolute 
determination, independent of diameters ; but it seems that the 
American and also the French photographers have not been more 
successful in this than their English colleagues ; so that there is 
some subtle cause to be searched for, which is reserved for the photo- 
graphic observers of the future, and which certainly deserves atten- 
tion, if the Transit of Venus is to be observed by photography on a 
future occasion. 

Mr, Brett, The Astronomer Royal has spoken about the expense 
of getting these photographs. It seems to me that the money has 
been very well expended, if it has at all events ascertained it as a 
fact that the limb of Venus upon the Sun cannot be seen, which is 
what I should have expected. 

Mr, Common, In taking a photograph of the scale to which 
measurements were applied, was the focus of the photoheiiograph 
altered in any way ? 

Capt. Tupman. The secondary magnifier was not disturbed. 
The object-glass was, of course, a little in front of the position it 
occupies when the celestial focus is used. 

Mr, Common. Would not that introduce error ? 

Capt, Tupman, I think not, or a very small error indeed, be- 
cause the distortion is nearly all due to the secondary magnifier. 

Mr. Common, The focal image of the Sun falls a certain distance 
from the secondary magnifier. In taking an enlargement from an 
object which is not at an infinite distance away, the focus has to be 
so altered that the distance between the secondary magnifier and 
the focal image is materially altered. 
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Capt Tupman. No, that is not altered, that remains constant. 
The correction is made by pushing the object-glass further away. 

Mr. Common, There is one distance from the object-glass at 
which all celestial objects will focus, and to get an enlargement of 
the Sun by the secondary magnifier for all celestial objects that 
secondary magnifier will be a certain distance from this focal plane. 
In taking an enlargement of the scale by which you test the errors 
of the instrument, do you alter the distance of the secondary mag- 
nifier from this focal plane or not? because, if you do, you must 
make fresh errors. 

Mr, GUI, You simply alter the divergence of the rays upon the 
secondary magnifier to some extent. 

Capt, Tupman. I conceive there is no sensible error from that 
cause. There might be something very minute, but the focal image 
of the scale by which the distortion is determined occupied the same 
place in the tube that the solar image did, because the object-glass 
is moved away from the secondary magnifier by the necessary 
amount. 

Mr. Ranyard, The lenses of the magnifier were not shifted ? 

Capt, Tupman, The secondary magnifier was used under pre- 
cisely the same circumstance as during the transit with regard to its 
position between its foci. 

Capt, Tupman read extracts from a paper on the Mean Solar 
Parallax derived from the telescopic observations of the Transit of 
Venus, 1874.. 

The first part of the paper consisted of verbatim copies of those 
portions of the observer's original reports relating to the Internal 
Contacts, which had not been hitherto published. They were given 
in order that astronomers might judge of the way the subject had 
been treated. He no longer believed in the possibility of maintain- 
ing the special phases of Internal Contadt adopted in the Parliamen- 
tary Report, which were founded only on some of the British ob- 
servations. He had confined himself in the present investigation 
to the phases Contact Complete for both ingress and egress. 

Treating the Ingress first, he had selected the times which seemed 
to him to correspond as nearly as possible to the phase of Ingress 
Complete. The language of the observer was not always satisfac- 
tory as regards the definition of the phase. The parallax in reality 
depended upon the British observations, and, unfortunately, it was 
possible to take very difierent views of the observations in the 
Sandwich Islands. He accepted Mr. Stone's views of these obser- 
vations. 

The equations formed from the selected times were freed from 
the eflTects of errors of ll.A. and N.P.D., which means simply that 
the observations are referred to the true geocentric position of Venus 
on the Sun's disk. 

In the first solution every observation was given equal weight 
with the result for Mean Solar Parallax of 8"*863. He, however, 
thought it proper to give double weight to the observations made 
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with the larger instruments under favourable atmospheric conditions, 
and to reject a few very wild ones, chiefly by amateurs, which were 
unimportant from the extreme smallness of their parallax factors. 
He then obtained a Mean Solar Parallax of S"*8i5 ; but he consi- 
dered that the observations were fairly satisfied by any value of the 
parallax between 8'''84 and 8'''87. The number of observations 
upon which this result practically depended was 14, 4 of which had 
received double weight. The residuals, being expressed in seconds 
of time as apparent errors of observation, were 

in 9 cases under 2*, 

in 4 others under 5', 

in 4 others under 8% 

in S others under 12'; 

while the residuals of the rejected observations ranged from 17' 
to 30". 

The £gress was then treated in a similar manner. There were in 
all 48 observations. Of these, 2 were rejected because there was 
no guarantee for the local time, and 5 because they appeared to be 
at least 30* in error. Of the remaining 41, he considered 14 entitled 
to double weight ; and, thus weighted, the solution of the equations 
gave the Mean Solar Parallax 8"'846, showing an unexpected agree- 
ment within '001 with the Ingress result. It was, however, to be 
remarked that there were 4 observations at Sydney, N.S.W., and 
one in India, which had very great weight in producing a small 
parallax. If these observations were not included, the solution of 
the remainder, weighted as before, gave 8"'89 for the Solar Parallax ; 
but on this supposition the Sydney observations would be about 17' 
too late. There was no reason whatever for rejecting the Sydney 
observations — on the contrary, he had given Mr. Russell's double 
weight On the whole, he thought the Egress observations were 
fairly satisfied by any value of the parallax between 8"*83 and 8" '88, 
although something between 8"*84 and 8^^*86 was roost probable. 

The residuals for the Egress observations, expressed as before, 
were 

in 20 cases under 5'- 

in 14 others under 10*, 

in 6 others under 1 3*, 

in 1 other under 15*. 
The apparent errors of 6 of the rejected observations ranged from 
16* to 48*, the remaining one was 90* in error. 

The general mean of Ingress and Egress, viz. 8"*8455, corre- 
sponds to a mean distance of the Sun of 92,400,000 miles. 

Mr. Ranyard read a paper by Prof. C. A. Young on observations 
of the Transit of Mercury at Princeton, New Jersey. A Merz 
polarizing eyepiece was used, and the contacts were observed with 
powers 155 and 253, the probable error of the times recorded being 
less than one second. A flickering shade between the limbs was 
noticed at internal contact, both at ingress and egress, lasting for 
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about 7' at the former and 4' at the latter. The planet was exa- 
mined OQ the 8un*8 disk with powers ranging from 100 to 500 ; but 
no bright ring nor bright spot was detected, though close round the 
planet a tendency to a radiating structure of the rice-grains on the 
Sun was noticed, as if the atmosphere of Mercury had an elongating 
effect, which would be exactly the opposite of the ordinary effect 
of refraction. This appearance was probably entirely subjective. 

Mr. Ranyard also read a paper from Mr. Prince on an observa- 
tion of the planet Mercury, made in the year 1867» at the time when 
snowBakes were observed by Capt. John Herschel in India passing 
across the field of the telescope. Mr. Prince noticed several seeds 
and a bright spot on the planet, the observation being made with 
a refractor, no|; a reflector, near the time of greatest elongation. 

Mr. Christie read a paper on the question raised by Prof. Draper 
as to the existence of bright lines in the solar spectrum. He had 
examined with the Greenwich half- prism spectroscope the solar 
spectrum, and particularly the portion in the immediate neighbour- 
hood of the G line on the less refrangible side, without being able 
to find any trace of bright lines. There were in particular two 
spaces which Prof. Draper considered to be bright liues correspond- 
ing to a double line of oxygen, and in his photograph the dark 
lines on each side appeared to be as wide as the bright spaces be- 
tween and fuzzy at the edge, giving somewhat the character of 
bright lines ; but as seen in the half-prism spectroscope, the dark 
lines were narrow and sharp, being not more than one-tenth of the 
width of the spaces between them, which latter appeared perfectly 
even in tint and quite sharp at the edges, the slit being, of course, 
very narrow. It seemed difficult to him to recoucile this with the 
theory that these spaces were really bright lines ; for such lines when 
broad are invariably fuzzy at the edge. Moreover, in each of the 
spaces in question, two fine absorption-lines were detected, break- 
ing up each of the supposed bright lines into three. This was 
shown by a diagram on the blackboard ; and photographs were ex- 
hibited, taken with the half-prism spectroscope, in which the same 
fine lines were also distinctly shown. 

'The Astronomer Royal. I think I understood from you that the 
angular separation was greater than Prof. Draper seems to have 
used. . 

Mr. Christie. I am hardly able to speak upon that point, because 
I have only been able to compare this photograph of our eye obser- 
vations with a print from one of his negatives ; and it is hardly fair 
to compare the copy o.f a negative with the original. I should not 
like to say that the dispersion is very much greater ; but certainly we 
can see a great deal more, and with a great deal more sharpness 
than is shown in the copy of Prof. Draper's photograph. As to the 
matter of the dispersion of the instrument, that depends upon how 
much the photograph was enlarged afterwards and upon the limit of 
enlargement which it will bear without a loss of definition. To 
enable a comparison to be made, I have brought some negatives taken 
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at the principal focus of the Greenwich half-prism spectroscope 
without any enlargement whatever. 

Mr, Ranyard. As to the question of the coincidence of the 
oxygen lines and the bright lines or interspaces in the solar spec- 
trum, we cannot speak with absolute certainty with regard to any 
of these coincidences. We should be much nearer the truth if we 
said that with the particular dispersion used, they appear to 
coincide ; or rather with the particular dispersion and with the 
amount of sharpness obtained we have not been able to see any 
diiference between the places of the two series of lines ; for what- 
ever the accuracy and whatever the number of liues we may have 
corresponding with the dark lines of the solar spectrum, we are 
always open, on using an instrument of much larger dispersive power, 
to find that that which we did think was a coincidence was not 
really a coincidence. There was the celebrated case of the 147 4* 
line, which we used to think coincided with a line of the iron 
spectrum, but which now is shown slightly to differ from it. We 
cannot be absolutely certain that the iron lines are coincident with 
dark lines in the Sun. On using a greater dispersive power we 
might find that there was some slight difference between the cha- 
racter of the two sets of lines. But what, I think, Prof. Draper 
has shown is this, that with the dispersion which he used, which was 
not a very high dispersion, there are some 1 1 lines of oxygen which 
appear to coincide pretty centrally with the interspaces or with bright 
lines in the solar spectrum, and that they appear also to coincide 
with them in relative brightness. At all events, that appears to be 
the case in his photographs ; and if he had used a higher power with 
the oxygen spectrum it is possible that the dark lines might be found 
lying on the oxygen band. I think there is a question as to the 
great breadth of line not shading off; but to speak with certainty 
that would require a very sharp defining instrument, such as a 
'' gitter '' spectroscope, possibly defining more sharply than the spec- 
troscope which Mr. Christie has been using. As to the fact of 
those fine lines being in the bright spaces, I do not see that that 
' shows that these are mere interspaces. These may be lines of other 
elements overlying the spectrum of oxygen. We know that there 
are some elements which give bright lines. We know that the line 
D3, which is seen on the chromosphere, is bright, and there is no 
dark line which corresponds with it. We know that there are great 
masses of gas, as there are in the nebulae, which do give bright 
lines, that the gaseous matter which emits light to us does not absorb 
the light which comes from the inner part of the nebula, and the 
resultant light which comes to us gives bright lines. If there were 
gas in a similar position in the Sun we should expect to find that the 
light whic]i was emitted from it did not blot out the continuous 
spectrum, but gave something in addition to it — that is to say, the 
brighter the spectrum the greater is the probability that if the Sun 
had the same oxygen as ourselves, there must be some oxygen there ; 
and this would lead one to suppose that oxygen must be there, or if 
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not, it must be in such an altered condition that it gives entirelj 
different lipes. 

Mr, Schuster. I have not examined very much the spectrum of 
oxygen in the violet part, which is just ^^^ V^^ under discussion. 
There are some[bright lines of oxygen near F, and I have been carefully 
looking for them in the solar atmosphere, and they certainly seem 
to be neither dark nor bright. I may say that none of the lines of 
oxygen are sharp lines ; so that a higher dispersion may possibly 
not be so good to detect the bright lines as a smaller dispersion ; 
yet there is no doubt that you would expect a fading away of the 
bright lines from the middle towards the sides. I should like very 
much that Prof. Drapers discovery should be confirmed; but I 
candidly think that at present the probability is the other way. I 
sent a letter to * Nature/ about last December, showing that oxygen 
gives at a lower temperature a different spectrum ; and this spec- 
trum, so far as I can judge, is reversed in the Sun ; so that if Prof. 
Draper's discovery should be confirmed, I should be compelled to 
assume that the lower temperature spectrum is dark. But the 
lower temperature spectrum has only four lines. I could only find 
three with great accuracy, and they certainly seem to be reversed 
in the Sun. ^s to the the'oretical question of bright lines in the 
Sun, I do not think the question is so simple as Mr. Ranyard has 
put it. In the nebulas you have not got that very bright nucleus 
which the Sun has behind it. I should say, on the merely theore- 
tical question, that it would be impossible to have bright lines in the 
solar spectrum, if you consider the Sun as a body at rest with dif- 
ferent layers of gases, the hottest in the middle, and the temperature 
gradually decreasing as you go to the outside. No thickness of la)*er 
will produce a bright line then. The only assumption which can 
give you a bright line is the great disturbance in the body of the 
Sun which tends to throw out the hot gases from the middle of the 
Sun towards the outside, for you then have gas of a much higher 
temperature in contact with gases at a lower temperature; and then, 
I think, you can have bright lines, but not without. 

Mr, Christie, May I be allowed to add a few words ? I omitted 
to state one point with regard to the coincidence of the lines which 
I intended to mention. It seems to me that undue stress has been 
laid upon this fact. It is a knoven fact that none of the bright lines 
of oxygen coincide with the dark lines in the Sun. That is admitted, 
because they have none of them been identified ; and therefore it 
follows, as a matter of course, that those bright lines of oxygen must 
coincide with spaces in the Sun. If the lines are as broad as the 
spaces, and we cannot find a coincidence within the limits of error 
of half the breadth of a space— and I should be inclined to take 
that as the limit of error in the photograph of Prof. Draper — those 
coincidences come to nothing at all, because then we should say 
that the bright lines of oxygen fall somewhere or other in these 
spaces; and they ought to coincide absolutely with the middle 
space. In fact, the definition in the photograph and the dispersion 
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are not sufficient to determine that point. I am speaking entirely of 
the positive copy and not of the original negative ; the definition 
in the original negative may be much better than that. So that the 
fact of 11 coincidences or 21 or any number of coincidences proves 
nothing whatever ; because we know that there are no coincidences 
with the dark lines, and therefore there must be coincidences more 
or less perfect with the bright spaces. The whole question re- 
solves itself into the accuracy with which you can determine those 
coincidences, which, as Mr. Ranyard has pointed out, is a question 
of dispersion and definition. As to definition, the test is the number 
of fine lines that can be seen; and 1 shall therefore content myself 
with saying, that in our half-prism spectroscope at Greenwich we 
can see and photograph 10 lines in the part of the spectrum under 

consideration where Angstrom has only given 3. In tnat respect 
I think the definition is sufiiciently good, at any rate, to show any- 
thing that could be shown in such a photograph as Prof. Draper's. 
I may say that more lines are shown on the board and in our pho- 
tographs now shown than can be seen in Mr. Rutherfurd s photo- 
graph exhibited at the last meeting, which is, however, only a copy 
of the original negative. It is therefore hardly fair to compare it 
with our negatives ; but, at any rate, in these latter the definition is 
very good. I may mention that I have examined the spectrum both 
with great dispersion and with great purity. 

By reversing the spectroscope great purity in the spectrum is ob- 
tained ; the lines are brought closer together, and you see these fine 
lines sharply defined, so that if there were any bright lines they 
would be brought out with great vividness. We are able to see 
the lines in the chromosphere of the Sun with great distinctness even 
when there is a considerable haze or cloud in the neighbourhood of 
the Sun ; so that you would expect, if there were bright lines, to see 
some indication of them. There may be other ways of testing the 
question ; but I must confess that I do not see my way to any other 
mode of looking at it at present. At the same time, I have only 
examined this part of the spectrum, because it was the part where the 
coincidences seemed most marked on Prof. H. Draper's photograph. 
With the large dispersion that I used I could not identify with 
certainty the spaces which Prof Draper considered to be bright 
lines in other parts of the spectrum, on account of the number of fine 
absorption-lines brought out with the half-prism spectroscope. 

Mr. Downing read a paper containing the proper motions of 
the stars in the first four hours of R.A. which are common to 
Bradley's Catalogue in Bessel's < Fundamenta Astronomiss ' and the 
Greenwich Seven- Year Catalogue for 1864', the quantities of proper 
motion being deduced from a comparison of the places in these 
Catalogues* The places in the Seven- Year Catalogue have been 
corrected for the amount of proper motion applied to the observed 
place to reduce it to the mean epoch of the Catalogue ; but the 
places in the * Fundamenta ' have been used without any correction 
whatever. Of course it is very easy to correct the resulting proper 
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motions for aoy correction that may be applied to the < Fundamenta,* 
as it is simply that correction divided by the number of years be- 
tween the epochs of the Catalogues and applied with opposite sign. 

The total number of stars whose proper motions are given in this 
paper is 176. There are some instances of considerable discordance 
between his results and the quantities given in the B.A.C. For 
example, the proper motion in R.A. of S2 Cassiopeia is, according to 
me, — (/'OO^, in the B.A.C. it is - 0*050 ; and to take another example 
close to this, he makes the proper motion in R. A. of 45 AndromedtB 
to be —0^003, the B.A.C. gives — 0"-039. And there are several 
other cases of as great, or nearly as great, a discordance. 

Mr, Christie read a paper on the results which have been recently 
obtained at Greenwich for the motions of the stars in the line of 
sight, in continuation of two former papers upon the same subject 
communicated by the Astronomer Royal. Up to 1877, May 2, the 
ten- prism spectroscope was used, part of the train only being em- 
ployed, giving a dispersion of two or four prisms; and from 1877, 
August 23, the half-prism spectroscope was brought into use ; but 
the work was dropped until the middle of November, when syste- 
matic observations were again begun. With that spectroscope a 
dispersion equivalent to 4 or to 15 prisms of 60^ was obtained accord- 
ing as one or two half-prisms were used, the latter dispersion being 
far greater than any which had ever been used before on stars. 
With that large dispersion in the case of the brighter stars, the lines 
could be measured with considerable accuracy ; and even stars of 
the second magnitude have been observed with that power. On 
the whole, the results accorded very well with those obtained with 
the other spectroscope. A table was given showing the results ob- 
tained by Dr. HugKins, and at Greenwich with the ten-prism spec- 
troscope, and also with the half-prism spectroscope ; and it was 
worthy of mention that in the whole set there is only one case of 
discordance of sign. The motions of 51 stars in the line of sight 
have now been determined spectroscopically with more or less 
accuracy ; and out of these there is only one discordance of sign, 
namely, in the case of the star fi Leonis. The former results with 
the ten-prism spectroscope, depending only on a single night*s ob- 
servation, gave a motion opposite to that found by Dr. Huggins ; 
but now, from a larger number of observations, the motion agrees 
with that given by Dr. Huggins, so that there is a complete confir- 
mation of Dr. Huggins's results. 

Mr. Gill. What was the extent of the change of sign ? What 
proportion of the D interval would correspond with the measure- 
ment? 

Mr. Christie. We have not put down the amount in the case of 
the ten-prism spectroscope, as there was only one observation. Dr. 
Huggins gives as his result simply +; but he did not feel certain of 
it: the result that we now obtain is +5S, which is a large motion 
decidedly ; but, of course, further observations may reduce this. But 
it does not do to place too much reliance upon the numerical results in 
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all cases. In the case of some stars ure are tolerably certain to a few 
miles, but in the case of some others you must expect an uncer- 
tainty of 10 or 20 miles. These observations are extremely difii- 
cult ; and it is very easy to make a mistake of 10 or 20 miles in the 
mere uncertainty of bisection, so much depends upon the state of 
definition of the atmosphere* 

Mr, Nelson read a paper on some terms of long period in the mean 
motion of Mars. He stated that Leverrier's tables of Mars were 8" 
out in the geocentric place of Mars during opposition, a very serious 
error. He had discovered some terms of long period in the mean 
motion of Marsj which would perhaps explain a portion of the errors 
in the place of Mars. Owing to the existence of these terms, Le- 
▼errier's value of the mean motion would be slightly too great ; and 
this error in the mean motion, together with inequality in the motion 
of Mars due to these new terms, would partially explain the tabular 
errors in the place of Mars. 

Prof. Cayley. And what do these terms arise from? 

Mr. Neisdn. Some of them arise from the combined action of 
the Earth and Jupiter, others from the Earth and Saturn. As several 
have comparatively short periods, one of only 24« years, they would 
introduce systematic errors which could not be corrected by altering 
the mean motion. They would thus be more important. 

Mr, Green. I have received a very interesting communication 
from Prof. Trouvelot and also from Dr. Terby on the subject of 
Mars. The result of Prof. Trouvelot*s observations and drawings 
has been most satisfactory, and has confirmed in a most remarkable 
manner the majority of the drawings which have been made by me. 
I could even have matched them better from the drawings which I 
made in Madeira if I had made a selection with that object in view. 
In some instances the coincidence is most remarkable. I do think 
that we have escaped in a great measure the somewhat trite state- 
ment made in 1862 or 1864, that so many drawings had come 
before the Society that they were not able to harmonize them. It 
is very evident that Dr. Terby will be making a chart of Mars from 
all the drawings which have been sent to him. A communication 
from Professor Schiaparelli, of Milan, is veiy definite upon the same 
point. Prof. Trouvelot tells me he has made over 200 drawings of 
the planet Mars during the last opposition, and he feels himself 
thoroughly competent to make a map of the planet from them so far 
as the southern hemisphere is concerned. The question arises 
shall we on our part go without making a map, or shall we try 
to support the character of Astronomy in that respect here ? I 
only wish most anxiously that the duty had fallen to Mr. Proctor, 
who has made a map of Mars previously, from which most of the 
continental observers have taken their names. He considers that 
it would be more fit in the hands of an observer than of one who 
merely uses the drawings of others. With the consent of the Society, 
I will endeavour to use the Madeira drawings for the production of a 
map of the southern hemisphere of Mars. It will necessitate the 
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addition of a few names, because these markings, if named, are so 
much more interesting than if they are without names. Whenever 
any distinct marking is repeated again and again in several drawings, 
and there is no doubt at all about its existence, the name of the 
person who has made the most clear and definite drawing of it 
should be given to it. I think that would be one of the fairest 
things that we could possibly do. By that means we should spread 
a knowledge of the markings of the planet, and also add definite 
names to them. I will endeavour to do it with the utmost impar- 
tiality, and will promise to keep ** Greenland " out of it. 

The thanks of the Meeting were voted to Mr. Green. 

ilifr.JSiio^/ exhibited one of the chronograph sheets of the Wash- 
ington Observatory, showing the very perfect action of the chrono- 
graph for a run of two hours. A Kipps' conical pendulum was 
employed in this instrument. 

The following papers were announced : — 

JProf. T H. Safford. On the position of \ Ursae Minoris. 

Maxwell Hall* On the late opposition of Mars (extract from a 
letter to the Astronomer Royal). 

Maxwell Hall. Observations of the Transit of Mercury 1878, 
May 6 (extract from a letter to the Astronomer Royal). 

T. W. Backhouse. On the spectrum of the New Star in Cygnus. 

Prof. W. Harkness. On the measurement of the inequality of 
the Pivots of Transit Instruments by means of the Spherometer- 
Caliper. 

E. J, Stone, A reply to Mr. Proctor's note in the March 
number of the * Monthly Notices.' 

S. P. Langley, Observations of the Transit of Mercury made 
at the Allegheny Observatory. 

S. W. JBumkam. New Double Stars. 

J. Tebbutt. Note on the Great Comet of 1861. 

H. S. Newall. On the Atmosphere of Mars. 

J. J, Waterston. On a Solar Thermometer Couple to measure 
the radiant force of daylight 

J. I. Plummer. Transit of Mercury, May 6, 1878. 

Capt. W, Noble. Note on the Belgian Observations of the Transit 
of Mercury. 

Lord Lindsay and Dr. Oopeland. Observations of the Transit of 
Mercury, May 6, 1878, at Dun-Echt Observatory. 

A, Marth. Ephemeris for finding the position of the Satellite of 
Neptune. 

Dr. N. de Konkoly, The Transit of Mercury 1878, May 6. 

The following w6re ballotted for and duly elected Fellows : — 

Edouard G. Deville, Quebec; J. F. Main, B.A., University 
College, Bristol. 
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The Variable Star U Oygfii. 

Thi8 Star was observed by Mr. J. Birmingham on the 26th of May 
1870 as a fine red star of the 8*5 magnitude. In October of that 
year J found it considerably fainter in magnitude, and further ob- 
servation proved it to be variable. 

I have now observed three maxima and three minima of the star; 
and combining these with two maxima and one minimum deduced 
from a discussion of Mr. Birmingham's magnitude estimates printed 
on pages SOO and 301 of his " Red Star Catalogue" (* Transactions 
of the Royal Irish Academy,' vol. zxvi. part vii.), I have obtained 
a pretty fair approximation to its elements, of which, so far as I am 
aware, no determination has as yet been published. 

The following are the observed times of maxima and minima 
employed in the discussion : — 



Observed times of maxima. 


Observed magnitude. 


Obeerrer. 


1871, June 16 


81 

7-9 

7-8 


I|tt| 


1872. Sentember i6 




1876- July 18 


1877. October 21 





Observed times of minima. 


Observed magnitude. 


Observer. 


1870. October 20 


9'J 
9-8 

lo-o 

io'6 


Knott. 
Knott 

Birmingham. 
Knott. 


iRt*- .Tftnuarv 20 


1871. May .r-,--t, 


i877,Marchi5 





IPtqbdl tke five maxima we obtain Period =464^-6, Epoch 1873, I^* ^8*7 ; 

and from the four minima Period « 467^-9, Epoch 1 873, May 1 1. 

From these elements, the next maximum will occur on the 30th 
of January 1879, and the next minima on June 25th, 1878, and 
October 6tb, 1879. 

The elements represent very fairly the observations from which 
they are derived ; but there appears to be some little irregularity 
both in the period and in the magnitude which the star attains at 
maximum and minimum. It would appear, for instance, from Mr. 
Birmingham's observations, that in the year 1875 the star passed a 
maximum about March 22, some sixteen days earlier than the date 
ealculated from the elements ; and the minimum of the same year 
also appears to have fallen some days earlier than the elements 
would predict. The observations are, however, hardly sufficient to 
fix the dates of the maximum and minimum of this year with pre- 
cision, and I have therefore not employed them in my calculation of 
the elements. As there would seem thus to be some irregularity, 
and as there is a difference of 3*3 days between the period deduced 
from the maxima and that deduced from the minima, it may 
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perhaps be convenient to assume 466 days as the approximate mean 
period, and the Epochs, for maximum 1873, December 29, and for 
minimum 1878> May 11. 

The variable, which is of a fine red colour, is Zone 4-47** No. S077 
of the * Bonner Stern verzeichniss,* its approximate place for 1880 
being a=20^ 15"* 54", ^= + 47° SI'. It is now (June 7) near 
minimum, of about 10| magnitude, and its red tint very marked. 
It has a bluish neighbour, 8*3 m^nitude (which Mr. Birmingham 
also suspects to be slightly variable), at a little distance n^., with 
which, when near maximum, it contrasts in colour very finely. The 
star 32 Cygni precedes 4"* 10", about 10' further south. 

Gborge Kmott. 
Knowlee Lodge, Oackfield, Soseez, 
1878, June 7th. 



7%e Meteors of June 7. 

On the evening of June 7 three very fine meteors were seen, two 
in daylight, at about 5.20 (I.) and 8.30 (II.) p.m., and the other at 
9.50 P.M. (Ill-)* ^°d it is important to place the various accounts 
of them together for comparison. Many of these accounts are 
more or less imperfect, and some of them contradictory ; but the 
fact of three fireballs appearing on the same date is in itself suf- 
ficient to justify the publication of the materiab, crude and un- 
satbfactory as they are. 

I. 5.15 to 5.20 P.M. — This meteor appeared in sunshine as a ball 
of fire descending very slowly towards the N.W. horizon. Several 
oral accounts have been given me by persons residing in this city. 
One observer states that his attention was directed to the sky by a 
bright object travelling along. At first he thought it must be a 
firework, but in its course it passed behind a cloud high above the 
W.N.W. horizon, and from this he inferred its celestial nature. At 
8.30 P.M. he was surprised to see a similar object having the same 
direction, though the path was slightly below that of the earlier 
meteor (I). I went with him to the spot from which he saw the 
first meteor, taking my compass; and from his description it must 
have fallen to the N.W. (true) from a great altitude, south of the 
2enith. The second meteor, at 8.30, was a little below it; and hu 
remark to a companion standing near him was, " There's another 
star going the same way." This simple expression is important as 
showing both meteors to have possibly had the same common radiants 
point. The other observers could not be certain as to the direction, 
though the time was accurate. 

II. The meteor at 8.30 p.m. was seen by Mr. A. Lighton, at 
Clifton, who describes its path from very high up N.N.E. to a point 
of disappearance at a considerable altitude alx>ve the horizon N.N. W., 
its descent being as nearly as possible at an angle of 30^. It moved 
▼f ry slowly. 
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Mr C. E. Cook, of TauDton» writes : — " It appeared to me to be 
almost overhead, moving from S.E. to N.W. or thereabouts, and 
unusually slpw as it seemed below the hazy clouds with which the 
sky was covered.'* 

A correspondent at Westbury on Trym writes that on June 7t 
at 8.20, the light of what afterwards proved a brilliant meteor 
caused him to look upwards. The body was travelling from east 
to west, and when first seen was almost exactly in the zenith, falling 
from thence towards the horizon. The nucleus was pear-shaped 
and of greenish hue. 

Mr. W. Humphris, of Bath, saw this meteor. The sky was covered 
with cirro-stratus clouds at the time. The meteor took a direction 
from N.E. to S.W. or nearer W. He fancied he heard a crackling 
sound ; the colour was that of the magnesium light ; duration about 
5 seconds. He did not see any tail, as daylight precluded the sight 
of it. 

Mr. G. Holmes, Redland, Bristol, writes that the direction was 
from east to west, and it seemed to strike the earth on or near 
Durdham Down [N.W.]. Although seen in broad daylight the 
meteor was a singularly splendid object, appearing like a globe of 
liquid fire, with pale green Unge. 

Another correspondent at Bristol describes the path as from south 
of zenith to a few degrees N. of N.W. (true). 

Captain Cunninghame, of Bath, says that at 8.30 p.m. he saw a 
meteor of large size and bright blue colour in the heavens. Later 
on the same evening the Captain observed another and still more 
splendid meteor (IH.) traversing the sky from east to west Unlike 
the first it shot through the sky in a straight [horizontal] line, ex- 
hibiting the most brilliant green, purple, and gold rays. The 
nucleus was seen a few seconds after the tail had disappeared. 

HI. The meteor of 9.50 p.m. was also observed by many persons, 
including myself, at Bristol, where the sky was much overcast with 
cirrus cloud and haze (on which a bright lunar halo was afterwards 
formed), and this, combined with the strong twilight of a June 
evening, rendered the phenomenon less imposing than it might have 
been. The meteor had a very long path, almost horizontal, which 
it traversed £. to W. with a very slow motion, casting off a short 
train of sparks as it sailed along and showing sensible variations in 
the brightness of its pear-shaped nucleus. The observed portion 
of its path was noted from 1^ above Spica Yirginis to about 6 above 
the moon; but to include the whole extent of its visible course the 
line must be extended in each direction and have a length of perhaps 
75% from, say, slightly below a Libr€e to slightly above a LeofdSf 
running dmost pi^lel with the ecliptic. The beginning and ending 
were not seen, however. Presumably the radiant-point was near 
Antares; and as the sky had become clearer between 11 and 12 p.m. 
a careful watch was directed towards the S.E. region, but no slow 
meteors were seen that could be associated with the fireball just 
deaeribed. 

h2. 
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Mr. H. M. Rogers, writing to the 'Times/ from Knole Park 
(6 miles N. of Bristol), says : — " Last night [June 7] I was walking 
along a footpath close to Knole Park, my shadow falling on the 
park palings. Suddenly I saw two shadows, one of which was moving 
rapidly along the paling, the reverse way to the way I was walking. 
On turning round I saw the largest and briglitest meteor it has ever 
fallen to my lot to witness. It was passing apparently from S. to N., 
very nearly parallel to the horizon, with a very slight declination 
towards the N. When I saw it first it was about 5° from the moon 
(taking the moon's diameter roughly at half a degree). It passed 
slowly along about 3° below the moon, or about 30^ above the 
horizon, and continued its course for about 20° further towards the 
N., when it suddenly disappeared. The light was of a very pale 
green, as nearly as possible like the light of a glowworm highly inten- 
sified. i\s it passed under the moon its brilliancy caused the moon 
to look of a muddy yellow colour, like a street lamp in a November 
fog. The sky was fairly clear, but the stars were not shining 
brighUy." 

A correspondent at Cheltenham writes to the ' Times,' that in its 
slow majestic flight the meteor more resembled the passage of a 
Bengal light through the heavens than any thing else he could call to 
mind. Its path was almost due E. and W«, and the apparent time 
of flight 20 seconds. 

At Hawkhurst, Kent, an observer says : — " The moon was shining 
brightly in the W. and my attention was directed to a large and 
bright light moving slowly from S. to N., as nearly as I could judge 
in quite a horizontal direction at about 30^ above- the horizon. The 
meteor was in space about the size of a cricket-ball, and was moving 
through a hazy atmosphere, and surrounded by a smoky light which 
dimmed the brightness of the meteor. I was taken quite by surprise, 
and viewed it for a moment, and then began to count I counted 
34 not very fast [about 7 or 8 seconds ?] before the meteor faded 
away. The time was 9.52 p.m. There was very little tail behind 
the meteor. The horizontal direction and slowness of the move- 
ment were very remarkable." 

The Rev. J. Allen, Arohdeacon of Salop, writing from Prees 
(14)^ miles N. of Shrewsbury), says the meteor was seen by himself, 
by Sir E. Beckett Q.C., and others. It appeared first in the S« 
moving horizontally westward, slowly, like a railway train seen at a 
distance of near a mile. The colour was greenish white. At dis- 
appearance it broke into fragments of light. Duration 4 seconds 
or more. 

A correspondent at Clifton describes it as a luminous body of 
tadpole shape and emerald-green colour, floating from S.W. to N.W., 
seemingly at no great distance above the houses. *^ Its velocity 
appeared to be slow, so much so that I involuntary ran about 15 
yards to an opening between the houses, fully expecting to see more 
of this extraordinary apparition, but it had disappeared. I have seen 
many meteors, but never any thing so large, of such brilliant colour, 
and apparently so close to the earth." 
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Many other accounts of this meteor come from various parts of 
the kingdom. 

Comparing the. rough notes of these meteors the radiant-point 
would seem to have been low down in the S.E. near Antares, The 
long courses sufficiently indicate a centre on the horizon ; but the 
first meteor can hardly have had the same focus, though the direc- 
tion conforms well, for the radiant at Antares had not risen at the 
time of its apparition, and it may therefore have been directed from 
a shower further W., near a Libras 223° —11° (G. and H. and 
Schmidt, May). The meteors 11. and III. apparently converge on 
the same centre in Scorpio, not far from that of the detonating fire- 
ball of June 17, 1873, at 246° -20°, as calculated by Drs. Galle and 
von Niesel in Germany ; and it is noteworthy that on the morning 
of June 7 9 1872, the Italian observers recorded six shooting-stars 
with a focus fairly well-defined at 253° —24^ Further descriptions 
of the apparent paths of the three fireballs, on June 7 last, are re- 
quired before the radiants can be fixed exactly, or their heights and 
velocities ascertained. The date is already stamped as noteworthy, 
and one on which future observations are especially desirable. 

W. F. Dennino. 

Ashleydown, Bristol. 



The Greenwich Visitation. 

Thb Annual inspection of the Royal Observatory took place on 
June 1, when the Astronomer Royal presented his Report for the 
year ending 1878, May 2. 

Under the head of Buildings and Grounds, a proposal is made to 
build a new library ; and allusion is made to the new railway, which, 
though it passes within a distance of 1700 feet, has had no effect 
on the ol>servations. 

The instruments are maintained in good working order, the 
repairs required having been insignificant. A change is proposed 
in the arrangement for registering seconds from the Sidereal Standard 
Clock, in consequence of the variations in the rate caused by the 
contact springs, which are pressed together by a pin on the 
pendulum. 

As regards the astronomical observations, the Moon, Sun, Planets, 
and important stars are observed with assiduity, the power of 
advantageous observation of small planets being, however, limited 
by the want of ephemerides. To facilitate the observations of stars 
a new Working Catalogue of more than 2500 stars has been pre- 
pared. With the Transit Circle 3970 transits and 3824 zenith 
distances have been observed. The moon has been observed 104 
times with the Transit Circle, and 171 times with the Altazimuth. 

Twenty-nine sketches of Mars have been made with the great 
Equatoreal, and several observations of the satellites of Mars and 
Saturn have been obtained. Six oecultations of stars by the moon 
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and seven phenomena of Jupiter's satellites have been observed. 
Clouds interfered with the observation of the Transit of Mercury,' 
and no results of importance could be obtained, though ample pre- 
parations had been made. 

The reductions are, as usual, in an advanced state, the transits 
being completely reduced at the date of the Report (May 2) to 
April 26, and the zenith distances to April 3. The computations 
for the Nine Year Catalogue of 2263 stars, including some supple- 
mentary investigations, were completed in the course of 1877, and 
the catalogue is printed as far as 16^. Foe the determination of 
the systematic errors in Right Ascension depending on the assumed 
places of the clock-stars used, a comparsion has been made of 
the R.A. of clock-stars found from groups which extend over 19?^ 
at least with those of the catalogue, Imd also a comparison of the 
R.A. of Circumpolar Stars above and below the Pole. The 
corrections range from +0'014 about 2S^ to — O'Oll about 9^ as 
depending on the R.A., and from —0*005 at 50"" to +0^003 at 
100^ and upwards as depending on the N.P.D. 

The R.A.'s of clock-stars in the first and second Seven-Year 
Catalogues have also been compared with the Standard 12^ groups, 
the result being to show that the errors of the assumed places of 
clock-stars, originally derived from Pond's observations, have been 
carried through the successive catalogues, though gradually di- 
minishing in amount. 

During the past year the Sun's chromosphere has been examined 
with the Spectroscope on 79 days (on 2 of these through part of 
the circumference only) ; prominences were seen on 58 days. The 
Sun was usually enveloped in mist or light cloud, when no pro- 
minences were seen, and it is therefore not safe to infer their com- 
plete absence on such occasions, as their brightness is generally 
much inferior to that of the chromosphere. All the observations, 
however, tend to show that the Solar prominences have been few 
in number and insignificant in size for many months. The Ten- 
prism Spectroscope was employed for this work up to the end of 
July last, when it was superaeded by the new Half-prism Spectro- 
scope, with the result of a marked increase in the proportion of 
days on which the chromosphere could be satisfactorily examined. 

One hundred and thirteen measures have been made of the dis- 
placement of the F line in the spectra of 20 stars as compared with 
that of hydrogen ; and 92 measures of the displacement of the b 
lines in the spectra of 16 stars as compared with that of magnesium, 
21 observations of 6 of these stars having been made with the full 
dispersive power of the half-prism spectroscope (giving a spectrum 
of 75^ from A to H, equivalent to 15 simple prisms of 60°). 

Photographs of the Sun have been taken on 156 days, and 283 
of these have been preserved for measurement. The photographs 
show a complete absence of spots on 66 days, and on 26 of these 
there are neither spots nor faculsB. 

All observations with the spectroscope have been completely 
reduced, and the photographs have been completely measured to 
the end of 1877. 
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The eorrection of the podtion-angles and distances for the effects 
of refraction and distortion, and their conversion into Heliographic 
Longitude' and Latitude, have been pushed forward as rapidly as 
circumstances would admit after the measurements had been com- 
pleted. As there is a considerable accumulation of arrears since 
187S, which will require many months for their reduction, it has 
seemed desirable to commence with the year 1676, with the view of 
including in the volume for 1876 the complete deductions from the 
measures of Sun-spots and faculaa in that year, if they can be pre- 
pared for press in time, leaving the complete results for the years 
1873 to 1875 to be Included in the next volume — the areas, as 
distinct from positions, having been already printed in the volumes 
for 1874 and 1875. 

The daily dissemination through the country of accurate time 
signals, originating from this Observatoy, continues to advance 
without any important alteration of principle. There have been 
only two failures from accident in the automatic drop of the 
Greenwich Time-ball and 8 total and 25 partial failures in that 
of the ball at Deal. The Westminster clock has been 3' in error 
on 7 days, and 2* on 26 days ; on the greater number of days the 
error was under T. The number of chronometers being rated at 
the Boyal Observatory is now 178. 

In regard to the Transit of Venus Sir George Airy remarks : — 

" At the date of the last Report, the determination of the longi- 
tudes of the British Stations was not quite complete (that of Ker- 
guelen being then imperfect). But under a demand from the House 
of Commons, a strong effort was made to finish all introductory 
calculations, and to effect computations of Solar Parallax, by com- 
paring all eye-observations of ingress of Venus among themselves, 
and all eye-observations of egress of Venus among themselves. The 
operation was in fact entirely conducted by Captain Tupman, though 
always under my cognizance. It soon became evident that the 
different stages of phenomena at the ingress must be most accu- 
rately discriminated ; and this was done by Captain Tupman with 
great care, and I believe with great general success, although 
Captain Tupman himself has been induced lately to modify his in- 
terpretation of the observers* language in one or two instances. 
The same remarks apply to the recorded observations at egress. 
Then it became evident that in one instance there was indubitably 
an error of 1" of time, and suspicions arose of a similar error in 
other observations. In an observation at another station, not in- 
cluded in the British * five,* the more serious error of 30* has been 
found. 

'* Finally, a Report was made to the Government on July 5, giving 
an the mean result for Mean Solar Parallax 8"*76, the results from 
ingress and from egress, however, differing to the extent of 0"'1L 
A more complete calculation by myself, including in one series the 
observations l>oth at ingress and at egress, and recognizing the pos- 
sible errors of £.A. and N.PJ>., gave sensjbly the same mean re- 
sult for Parallax. This is liable to no error except from tl e inter- 
pretation of observers' language, to which I have alluded, ill has 
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subsequently been re-examined by Captain Tupman ; different in- 
terpretations have, in a few instances, been put on the records; 
several observations from colonial stations have been combined ; 
instead of using different phases in the observations (both of ingress 
and of egress), attempts have been made to ascertain the one phase 
of * contact of limbs;' the notes of a few unpractised observers 
have been rejected ; knd the rlesult for parallax has been increased 
to 8"-82 or 8"-83. 

** The numerous photographs taken at the various stations had 
been carefully measured by Mr. Burton, and have since been re* 
measured by Captain Tupman ; and (by photographs of Mr. De La 
Rue's scale of equal parts) the measure of photographic distortion 
had been well ascertained. But the results from photography have 
disappointed me much. The failure has arisen, perhaps, sometimes 
from irregularity of limb, or from atmospheric distortion, but more 
frequently from faintness and from want of clear definition. Many 
photographs, which to the eye appeared good, lost all strength and 
sharpness when placed under the measuring microscope. It was 
once remarked to me, ' You might as well try to measure the zodiacal 
light.' A final result 8"' 17 was obtained from Mr. Burton's mea* 
sures, and 8"*08 from Captain Tupman's." 

Sir George Airy next alludes to the progress made in the Nu- 
merical Lunar Theory. 

The developments of the effect of every possible error (expressed 
as a SymbolioEd Variation) in the coefi[icients and arguments of the 
assumed lunar ordinates, upon every term in the three fundamental 
expansions of — (1) Areas in the Ecliptic, (2) Radial Forces in the 
Ecliptic, (3) Forces normal to the Ecliptic, — ^have been computed 
and printed. The corresponding Solar Perturbing Forces have been 
computed entirely for the first of these (care being taken to extend 
the decimal calculation further for those terms whose effect may 
probably be increased in solution of the equations, a process in 
which many figures are almost necessarily wasted), and partially for 
the second and third* Until all have been completed, no positive 
inference can be drawn from the comparison ot these terms with 
those of the ordinate-expansions ; but a cursory collation of those 
relating to the Areas led to the supposition that there might be some 
error in the computations of the Annual Equation and related terms* 
A most jealous re-examination has, however, detected nothing, and 
has confirmed Sir George Airy's belief in the general accuracy of 
the numerical computations. 

In conclusion, Sir George Airy urges the necessity for the erec- 
tion of a new library, and, with this addition, believes that, if no 
remarkable increase be made in the number or magnitude of the 
instruments, the Observatory may go on for many years without 
requiring any extension of its boundary* He also suggests that the 
question of the extent of the printing should be taken into considera- 
tion by the Board, as the annual volume now contains very nearly 
one thousand large and closely printed pages, and every novelty in 
the Ob:«ervatory increases the amount of printing. Editor. 
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CORRESPONDENCE. 
To the Editor of 'The Observatory: 

Magnitvdes of Meteors. 

Sir.— 
Mr. W. F. Denning's very interesting and exhaustive article 
on the average percentage of meteors, recorded in your last number 
of ' Observatory,' was perused by me with interest. Allow me to 
state that I believe my deductions approximately correct, owing to 
the fact that I paid particular attention to the magnitudes of those 
recorded and their velocities. There were many isolated meteors 
recorded by me of more than ordinary brightness ; but I left them 
out of my deductions in every case, and only included those that 
were observed during some regular period of watching. I will 
further state, as a correction, that the observation of the August 
shower in I87I9 published in the * Astronomical Register,' as seen by 
Messrs. Tanger and Stephens, should have read Messrs. Sawyer and 
Stevens, the mistake in the names at the time never being cor- 
rected ; this observation was included in my table. 

I am, yours very respectfully, 
S6 School Street, Boston, Edwjn F. Sawyer. 

liaaa., U. S. A., 1878, May 1. 

Transit of Mercury. 

Sir,— 

As I find thaltslouds unfortunately prevented many observers 
from witnessing the ingress of Mercury in the recent Transit^ I 
venture to send you my own observation, made with a 5i-inch 
achromatic. The sky became perfectly clear one minute before 
ingress commenced. Owing to my recent change of residence I 
have not been able to bring my instruments into perfect adjustment; 
I therefore only mention the times of contact which I noted as 
very roughly approximate. 

At 3*^ 11" 47' G.M.T. I first observed the planet suddenly form- 
ing a slight notch on the edge of the Sun. At 14" 7' I considered 
that geometrical contact appeared to exist. At 14" 27' the sepa- 
ration of the edges appeared complete, except that a narrow thin 
line in the direction of the centres of the disks was visible. 

At 14" 32* a clear thread of light was evident between the planet 
and the apparent edge of the Sun. With powers 48 and LI 7 and 
the full aperture a bright ring slightly darker than the disk of the 
Sun appeared to surround the planet during the whole time that I 
watched it, viz. for about two hours, equal in breadth to about two 
thirds of the diameter of the planet (or rather less) and of uniform 
breadth. This was very evident to my assistant, a mechanic who 
observes well. For half an hour after ingress I saw a small spot of 
light (with both powers and 2 different dark glasses) a short distance 
from the centre of the planet in its south preceding quarter. I was 
not able to sec it any longer, nor was it at any time very steadily 
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visible, although the definitioD was very good. I then projected the 
disk of the Sun on a screen so as to be 6, 8, and 12 inches diameter. 
The planet only appeared as a round black spot with no halo or 
bright point. I saw no sign of the planet or of a bright ring round 
it outside the disk of the Sun. 

I am. Sir, yours truly, 
Barham Eectory, Ipswich, E. Ledger. 

1878, June 6. 



NOTES. 

The Mean Motion of the Moon*. — In a paper in the 
* American Journal of Science ' for Nov. i 877, Prof. Newcomb has 
made an important contribution to our knowledge of the motion 
of the Moon. In this paper appears the results of an elaborate 
investigation of the older observations of the place of the Moon, 
mad^ with the view of ascertaining how far the observed place of 
the Moon agreed with the theoretical place Assigned to it by the 
Lunar Tables. 

The data made use of in this investigation consist, first, of the 
Solar eclipses quoted by Ptolemy and those observed by the Arabians 
in the ninth and tenth centuries ; and, secondly, of a number of 
occultations and eclipses observed by different astronomers during 
the seventeenth and early part of the eighteenth centuries. These 
last observations have hitherto been neglected, and the work of 
reducing them was found to be most laborious ; but Prof. Newcomb 
is of opinion that the observations have proved to be well worthy 
of the pains which were taken with them. Unquestionably these 
observations will be invaluable if they be sufficiently numerous and 
exact to afford trustworthy corrections to the tabular places of 
the Moon, and Prof. Newcomb will have once more earned the 
gratitude of those engaged on the lunar theory. From the results 
be has obtained by reducing these last observations, Prof. Newcomb 
considers that we can trace the observed motion of the moon from 
17.50 back to 1675, and, with less exactitude, even to 1620 — a most 
important extension. 

Prof. Newcomb then uses the data obtained by this elaborate 
investigation to deduce the corrections indicated by observation to 
the tabular places of the Moon, employing Hansen's Tables de la 
Lune for the theoretical place. In this way Prof. Newcomb shows 
that although Hansen's Tables accurately represent the motion of 
the Moon during the interval 1750-1860, yet for epochs anterior to 
this period the tabular place of the moon deviates much from its 
observed place, the difference amounting to as much as SO" during 
the latter half of the seventeenth century, a very considerable 
quantity. 

Since 1860 the tabular place of the moon has been steadily 

* Amer. Journal of Science, 1877, Nov. 
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gaining on its obserred place, until at the present motnent the 
former is fully 12" in advance of the latter. This rapidly increasing 
discrepancy is a most serious matter, for it indicates the existence 
of some grave deficiency in the theory on which the tables are 
based. As these tables accurately represent the motion of the moon 
during the period 1750-1860, their sudden and rapid deviation from 
the truth appeared to be inexplicable and to point to the most 
alarming conclusions. Further inquiry has done much to modify 
this view. It is now generally known that this remarkable agree- 
ment between the observed and tabular places of the moon during 
the interval 1750-1860 is entirely due to an artifice made use of 
by Hansen. It arises from Hansen's having assigned empirical 
values to two terms of long period arising from the disturbing action 
of Venus. By this means Hansen was able to secure a satisfactory 
accord between his tables and observation for the interval 1750- 
1860, but at the sacrifice of his theoretical results. Qut unless 
these empirical valaes happened to agree very closely with the true 
values it was certain that before long their inaccuracy would become 
evident by a steady deviation of the tables from the truth. It is 
now known that at least one is certainly inaccurate, if not both. 
Later researches by Delaunay and Newcomb appear to show that 
whilst one of these empirical values is trustworthy, the other has 
only one* hundredth of the amount assigned to it by Hansen. 
Newcomb, therefore, points out that .this term must be removed 
from Hansen's tables, and that they then present considerable errors 
for every epoch. 

Prof. Newcomb proceeds then to inquire what corrections should 
be applied to Hansen's tables to make them more accurately re- 
present the motion of the moon. He shows that not only must the 
mean motion of the moon be diminished by a small amount (29" 
per century), but that the secular acceleration must be reduced from 
12"' 17 to 8" '40, thus bringing it much nearer to the theoretical 
value, which is 6"*18. Prof. Newcomb shows, however, that even 
when thus corrected Hansen's Tables fail to represent the position 
of the moon with the requisite accuracy, as there remain outstand- 
ing errors of very considerable magnitude^ amounting, in fact, in 
1875 to -15"-8, in 1775 to +12"'5, and in 1675 to -7"4. 

Prof. Newcomb then draws attention to the very singular fact 
that it is possible to entirely correct these large outstanding errors 
by merely changing the sign of the constant part added to the 
remaining term of long period due to Venus. It has been shown 
by Hansen, Delaunay, and Newcomb that this term has approxi- 
mately the value of 15"*5 sin (A+30^); and Newcomb now draws 
attention to the fact that by writing it as 15"*5 sin (A— 80°^ the 
whole of the residual errors disappear. Yet Prof. Newcomb remarks 
that the former is indubitably correct and that it is merely a chance 
that these errors disappear in this manner. 

In concluding this remarkable paper, Prof. Newcomb suggests 
that, as the case stands, the marked agreement between theory and 
observation which is produced by the introduction of this empirical 
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term seems to be such as to warrant its provisional use until a more 
careful investigation of the subject can be made. E« N. 



The Star-cluster x Persei*. — ^Dr. Vogel, of the Potsdam 
Observatory, has published the results of measures of the cluster x 
Persei made in 1867-70, by means of the 8-inch refractor, at 
Leipzig, with the object of fixing the relative positions (and magni- 
tudes) of the stars of this cluster, so that any future change may 
not pass undetected. 176 stars, in all, have been fixed in position 
by the filar micrometer. The field was bright and a magnifying- 
power of 145 diameters was employed throughout The various 
sections of this work of S6 quarto pages treat of the following 
subjects : — 

§ 1. The position of the instrument^the determinatum of the 
parallel, A novel feature here b that the zero of position was 
determined before and after each set of measures (either of p and s 
or of Aa and A^) on each pair of stars, so that the observations for 
any pair are arranged thus :— Ist, four measures of />, four measures 
of 8 : 2nd, determination of parallel : the next pair is then observed 
as follows — 1st, four measures of />, four measures of « ; 2nd, 
determination of parallel : and so on throughout the night. 

S 2 contains an investigation (f the positionrcirdey and of the 
wuue of the revolution of the micrometer. The zero of the micro- 
meter was found to be dependent upon the position of the instru- 
ment, and also upon the kind of illumination of the threads. The 
value of the revolution is found from transits on 20 nights, from 
November 1867 to May 1870. During all this time the reticule 
was left at the same distance from the objective, and the thermo- 
metric coefficient resulted +0^*001581 f in Reaumur's scale. The 
magnitude and the sign of this. Dr. Vogel explains by the fact that 
the focal point was not determined each night (as, he says, is usual), 
and he correctly points out the necessity of leaving the focus un- 
changed for such observation and for determining the value of the 
screw during the series itself. 

% S deab with the methods of observation and reduction. The 
brighter stars less than tenth magnitude were determined from 
measures of /> and e with four selected stars of the group. These 
four were connected by measures of p and «, and abo Aa and A3 ; 
and they were further connected with two stars of the cluster 
h Perseiy which had been observed with the Bonn meridian-circle. 
The pairs of stars were observed alternately on di£Perent threads, 
the zeros determined under the same circumstances as those of the 
observations, and the position-angles measured by turning the circle 
in both ways. From four to six measures of p and a were made 
each night, and for each pair of the brighter stars at least four 
nights* observations were made, t. e. at least sixteen measures of p 
and s. The reductions are complete and the observations are 
reduced to 1870-0. 

^ Per Stemhaufen x Persei yon Dr. H. 0. Vogel : Leipsig, 1878. 
• * 
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The fainter stare (10-12 mag.) wei^ observed by Aa and A^, 
with other stars, at least on two nights for each star. 

§ 4 deals with the accuracy of&e cifmervaiHons ; for tlie brighter 
stars the probable error of a tingle observation is found to be, in a 
±0**228, in p (reduced) ±0"*306. The probable errors for the 
mean of each night are more important, and result as follows (no 
dependence of the probable errors on the distance or position-angles 
being evident) : — Probable error of one night, in a ±0"*i90, in p 
(reduced) Hh0"*165. For the final position (at least four nights) 
these become, in a +0"*092, in j9+0"-080. For the Aa and Ad of 
the brighter stare these are ±0"097 in R.A. and ±0"'089 in 
N.P.D. The positions for the fainter stare are determined within 
leas than 1" in each coordinate, which Dr. Vogel considere sufficient 
for his purpose. 

% 5 treats of the determinations rf the brightness of the stars of 
thts cluster, llie 176 stare of the cluster range between the 6'5 
and 13 magnitudes. Each one of the fainter stare (higher than 10 
mag.) was determined by eye estimates of magnitude at least 
five times ; the probable error of the mean is +0*14 magnitude. 
The brighter stare were determined on several evenings by the eye, 
and on two nights each was compared by a Zollner's photometer 
with one of the standard stare. A table gives the magnitudes of 
the brighter stare : — 1, by eye (Vogel); 2, by eye (Argelander) ; 

S, photometric magnitude, assuming the light ratio 3:^ or 0*397. 
The agreement is remarkable, but the table shows (what was already 
known) that Argelander's magnitudes higher than Q'^'O make the 
stare too bright. 

§ 6 gives the observations of the stars (in tabular form) a9id the 
remits, A difierence between the spring and autumn observations 
in both Aa and AS of one of the stare indicates possibly a parallax 
ofO"-3. 

$ 7 gives the observations of the fundamental starsy and eata' 
loffue of the ^ brightest stars. The observations are of relative 
Aa and A3 of the four fundamental stars, and of two of Argelander's 
stare in h Persei and also meridian observations. These last aJso 
indicate a parallax to the star b. None of the stare appear to have 
a large proper motion. 

§ 8 deals in the same way with observations of the fainter starSf 
and catalogue of all the stars of the cluster. This is followed by 
two charts, one of the brighter stare and the plan of triangulation, 
the other of the whole cluster. 

This brief analysis will give an idea of the contents of this ex- 
tremely thorough paper, which will take its place beside the other 
researches of the author in the same field. They are all modeb of 
what such investigations should be, and leave nothing to be desired, 
in methods of observation or reduction, in the accuracy of the final 
results reached (which are always adequate to the purpose in hand), 
and, finally, are excellent examples of the literary style and clearness 
appropriate to such memoire. — Amer. Joum. oci. 



Digitized by 



Google 



103 Astronomical Memoranda. [No. 15. 

Astronomical Memoranda for IS7S, July l^^-August 14. 
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Meteor Notes for July. 

This is a favourable month for meteor observations, though the 
prevailiDg twilight and short nights prevent much work of this kind. 
During the first 1 1 days morning watches are advisable, and, after 
about the 22nd, observations should be resumed in the evenings. 
In July the visible number of shooting-stars is often considerable ; 
they proceed from a vast number of different radiants. Observa- 
tions are chiefly required of the N.E. and N.W. skies, in which 
there must be many unknown systems. Two of these, slightly 
observed last year in Perseus at 36** +47S and 47° +45^, should 
be looked for. That rich August shower — ^the Perwids — begins 
in July, and more observations are required to hx the date with 
certainty. These meteors are rarely without streaks, and such only 
as have this distinguishing feature can be fairly called Perseids. 

July furnishes us with many radiants in Andromeda, Lacerta, 
Pegasus, Cygnus, &c.,and there is a shower at 12° +70°(G. and H.) 
probably distinct from the July CassiopeidSf sAso at 293° +42° near 
S Cygni, different from the August Lyrida at 285° +44° (G. and H.). 
A fine shower of bright swift meteors leaving streaks was traced 
last year from 6° +53°, confirming S. & Z. 7° + 50° (July). On the 
20th there was a strong shower from 317° — 11°, being the same as 
one previously discovered by Tupman at 313° —6° on July 21-22. 
On the 16th, in 1871, a well-marked shower was noted by Prof. 
Herschel from 257° +36°, and it has been verified by several more 
recent observations. Radiant-centres at 64° ,+46°, 250° +62°, and 
349° — 1° require further investigation ; and it will be the chief 
work of future observers to single out and separate these and other 
systems from closely bordering showers and fix their positions and 
periods exactly. Many interesting observations have been rendered 
useless by reason of their scanty nature. An observer watching for 
say two hours only will see just enough to indicate a series of 
uncertain showers, giving perhaps two or three meteors each, 
whereas if his observations are continued for five or six hours he 
will gather sufficient paths to render them all certain. Amateurs 
cannot, however, be expected to carry on such lengthy and trying 
work ; but there is no doubt as to the importance of long watches as 
giving plentiful and accurate results. 

Recent Observations, — Mr. H. Corder sends a list of radiants found 
by him in March, April, May. Between March 10 and April 3, a 
shower of quick meteors with streaks was seen from 250° +54° (12 
y's), which confirms one observed by the writer in 1877, March 14- 
April 19, at 250° +51° (15). The Lyrids were noted on April 20, 
P.M., witii radiant at 275° +35° (11) as last year. Another active 
shower was traced in April-May from 174° +7° (19). On May 4 
A.M.9 3 of Tupman*s Aquarida were observed ; they indicated the 
radiant at 334° —1° and were remarkable for great length of path. 
Positions at 300° +20° (7), and 145° +77° (7), which were also 
determined (for April-May), confirm two showers recently deduced 
for April 19-23 at 302° + 18° and 130° + 79° (see Monthly Notices. 
▼oL xxxviii. p. 396). The Coronids were slightly seen with a centre 
at 242° +27° (8). W. F. Denning. 
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Pontion of the Sun*s North Pole. 
1878. PoB.-angle. Diflt. from limb. 
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A partial Eclipse of the Moon, visible at Greenwich, occurs on 
Aug. 12. Magnitude of the Eclipse 0*590. 

First contact with Penumbra 9*" ^"-5 ; with shadow 10^ ^e^'S. 
Last „ „ H''53"-9; „ 13' 33"-8. 

A.M. 

The Planets. 

Mercury is an evening star at greatest elongation east (27^23') 
on August 13. He sets 56°" after the Sun on July 23 and 41°' after 
on Aug. 13, when he is so far south of the Sun that much of the 
advantage of the great elongation is lost. 

Venus u a morning star, rising between 13*^ and Wf". Her disk is 
gibbous, the illuminated portion on July 15 being 0*790, and on 
August 15 0*873, and the corresponding diametera 13^^*2 and '11^*6. 

JupUer is in opposition on July 24, retrograding through a small 
arc about 5^ soudi of a, and /3 Capricomi. 

Saturn is a morning star, stationary, about midway between 
fi Ceti and y Pegasi. The following are the dimensions of the ring : — 
Outer Bing. Inner Ring. Ball 

Maj. Axis. Min. Axis. ICaj. Axis. Min. Axis. Biam. 

July 24 4r-55 S''-52 27''-63 2''-34 16'''6 

Aug. 13 42^-77 S''-35 28*44 2''-23 \V'2 

The south side is visible, the elevation of the Earth above the 
plane of the rings being 4"^ 52' S. and 4° 30' S. on July 24 and August 
13 respectively, and of the Sun 2° 30' and 2° 48' S. Editor. 
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Elementary Arithmetic and the Duration of Totality in a 
Solar Eclipse. 

Iif elementary works upon Astronomy we often meet with nu- 
merical statements which are read with' little interest, because no 
indication is given of the methods by which they are obtained. The 
unscientific reader is also frequently puzzled by the discrepancies 
which he meets with in such statements. Very probably, if he en- 
deavours to seek for any further explanation, the only answer which 
he obtains to his inquiries is, that the numerical results given in 
various books differ, because different values of the constants used 
in the calculations have been employed, the progress of observa- 
tion or theory having from time •to time shown that such values 
nefded more or less alteration. Or, it may be, that he is told that 
some of the results stated are derived from methods involving only 
a rough approximation to accuracy ; others from more intricate and 
carefully developed methods. He may even be informed that one 
result is correct to thje first order of small quantities, and another to 
the fifth order. If a reader is not mathematically educated he pro- 
bably feels DO wiser, and possibly only more confused as the result, 
of his inquiries. 

It has therefore occurred to me, in endeavouring to render lee- . 
tures upon Astronomy interesting to a popular audience, that it. 
might be well to work out on a black-board, in an extremely rough, 
manner, and without any attempt to assume more than an acquaint- 
ance with some of the most ordinary rules of Arithmetic, a few of 
those numerical statements which are often met with in elementary 
manuals, but seldom, if ever, elucidated in them. 

I proceed to give an example or two of the results obtained by 
these rough methods, which may, I think, be interesting to some of 
the readers of < The Observatory.' They may also suggest that, in 
the teaching of arithmetic in schools, a large number of numerical 
questions may easily be composed by an intelligent teacher, of such 
a nature as may illustrate astronomical facts, and relieve the weari* 
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ness of simple numerical computation, by giving an opportunity for 
a brief explanation of the phenomena involved. 

An instance of such a question, in which the figures are arranged 
to give a simple numerical result ( 1 4 . seconds), but are yet suffi- 
ciently near the truth to form a foundation for instruction, is to be 
found in the Elementary Arithmetic-paper of the Cambridge Uni- 
versity Local Examinations of December 1876, — ** How much less 
time will it take for light to pass from the Sun to Jupiter, if it 
travel 186,000 miles per second, than if it travel 185,000 miles per 
second, given that the earth is 91,760,000 miles from the Sun, and 
Jupiter 5| times ^s far? *' 

One interesting fact may be illustrated as follows : — The Moon, 
when overhead, is about 4000 niilrs nearer to an observer than 
when on the horizon, or than it would be if seen from the Earth's 
centre. Now 40(X) miles is about ^^th of the di:(tance of the Moon 
from the Earth's centre ; therefore, when overhead, it must appear 
to be about ^^^h part broader in its diameter. Taking its maximum 
apparent diameter as SS^ minutes, or 1996 seconds of angular mea- 
sure, the ^^j^th part of this is about 40 seconds. 

Now it is stated in some elementary books that the totality of the 
great total Eclipse of the Sun on August 17) 1868, was considerably 
lengthened in duration in those regions (e, g, the Gulf of Siam and 
parts of India) where its duration was longest, by the fact that the 
Sun and Moon were at the time nearly vertically above an observer ; 
the duration in the Gulf of Siam being, I believe, about 6 minutes 
50 seconds, and the Sun only about 2\^ from'the zenith. 

Let us see how the figures above referred to in connexion with 
•the Moon's apparent size will simply elucidate this. From the value 
(40" of angular measure) obtained above for the apparent increase 
of the breadth of the Moon when seen in the zenith (which of 
course is contrary t6 the popular notion and the optical delusion of 
its apparently greater size when seen on the horizon), it will follow 
that the totality of a Solar Eclipse may be increased by jrd part of 
what would otherwise be its maximum duration, by the etf'ect of this 
cause. This may be shown as follows : — 

Independently of other causes, such as the situation of ^the place 
of observation being near to the equator, so as to cause the rota- 
tion of the Earth as far as possible to proli>ng the duration of the 
eclipse, a total eclipse will last longest when the Sun appears to 
have its minimum and the Moon its maximum diameter. The maxi- 
mum diameter of the Moon, as seen from the centre of the Earth, 
we may take, as before, to be S^i' of angular measure. The mini- 
mum value of that of the Sun we may roughly take to be 31 \\ The 
difference is 2 minutes, and consequently totality would last, as seen 
from the centre of the Earth, during the time that the Moon would 
take, relatively to the Sun, to make the extra 2' of angular mea;«ure 
in its breadth pass between us and the Sun. 

Wherever on the Earth's surface the place of observation may be, 
the Sun will appear appreciably of the same size as if seen from the 
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£arth*d ceotre; and if tho Moon be near the horizon, the Mooa 
will appear to be very nearly of the same size as if so seen. In this 
case the eclipse will last for the time above explained. But, as we 
previously showed, if the Moon be vertically overhead, it will appear 
to be 40" of angular measure broader than if seen from the Earths 
centre ; and the eclipse will last, not simply while the extra 2^ of 
the Moon*s apparent breadth passes between us and the Sun, but 
while 40" of additional appart^nt breadth also so passes. And 40" 
bi>ing one-third of 2' (or 120"), we see, in this elementary manner, 
that the maximum duration of a total Solar Eclipse, so far as it 
depends on the apparent diameters of the Sun and Moon, may be 
increased by one-third of what would otherwise be its duration, by 
the fact of the Moon being at the time vertically over the observer, 
and in consequence appearing to be larger than when seen on the 
horizon. I h.ive not seen ttiis result thus worked out in any ele- 
mentary manual, and I think the proportionate increase of dura- 
tion, which is so great as to have a most important effect on the 
interest and phenomena of any eclipse affected by it, is longer than 
a popular audience would be prepared to expect. 

Another illustration of such rough but interesting calculations 
may be found !n connexion with the breadth of the shadow of the 
Moon on the Earth at the time of a Total Solar Eclipse. Hardly 
any two books give the same value. Hardly any explain how it 
may be approximately calculated. We read in that very excellent 
elementary treatise * Astronomy with( ut Mathematics' (dth edition, 
p. 142), that under the most favourable circumstances, such as have 
been referred to above, when the M ion is at its nearest to the Earth, 
»o as to look its largest, and the Sun at iu furthe^^t, so as to look 
its smallest, the zone of shadow cannot exceed in breadth 148 miles. 
In Brinkley*s * Astronomy,* recently edited by Stubbs and Briinnow, 
166 miles is given as the maximum value. In several books 180 
miles is, 1 believe, given. In the artide upon Astronomy in the 
new edition of the * Encyclopaedia Metropolitana,* we find 173 miles. 
I know not whence or how this last result is obtained, although I 
presume it is the most accurate known ; indeed I have never met with 
any attempt to work out any of the above values numerically. 

We may, however, roughly work the problem out as loUows: — 




If we take the Sun at its greatest distance from the Earth, and let 
QS R be its diameter of about 850,000 miles, the distance from S, 
its centre, to the centre of the Earth n ay roughly be taken as 
93,000,000 miles. 

j2 
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If X M Y be the diameter of the Moon, of 2160 miles, the lea«t 
distance of its centre, M, from the Earth's coiilie may be taken as 
291,600 miles. Consequently under such circumstances wc? may 
take S M to be about 9i?,778,400 miles, the diffrrence of the two 
above-named distances. If U show the point beyond the Moon 
to which its shadow, which will produce a total eclipse, will extend, 
SU will evidently be as^many times greater than M U as Q R is 
greater than X Y. But 850,000 miles, the value of Q E, is about 
39S times 2160 miles, the value of X Y. 

Hence S U is about 393 times M U, and S M will be 392 times 
M U; whence, dividing 92,778,4-00 (the value of S M) by 392, we 
get for the value of M U about 236,937 miles, or say 237,000 
miles. This will be the greatest distance to which, under the most 
favourable circumstances, the extreme point of the shadow of the 
Moon, which will produce a total eclipse, will extend beyond the 
Moon's centre. 

Let us see now how large a breadth of the Earth's surface this 
will cover ; and let us for simplicity take 4he centres of the Earth, 
Sun, and Moon to be in the same straight line. 




Let M, as before, be the centre of the Moon, and let the shadow 
Y U X meet the Earth, so that B P A is its width. Then M U 
.equals, as we have calculated, about 237>0n0 miles; and ME being 
equal (as we took it) to 221,600 miles, EU will be 15,400 miles. 
But P E, the radius of the Earth, being roughly 4000 miles, we 
shall have PU equal to about 19,400 miles, or say 19>000 miles, 
inasmuch as one or two points in our calculation have tended to 
give us rather more than the true value. B A will then, if treated 
roughly as a straight line, evidentl) be the same fraction of X Y, 
the diameter of the Moon, as P U is of M U ; that is, as 19,000 is 
of 237,000. Wherefore B A will equal ^j of X Y. or ^ of 
2160 miles, which is equal to about 172 miles. 

I think that this will be found to be a very fair approximation to the 
maximum possible breadth of the band of shadow traced across the 
Earth's surface by the umbra thrown upon it from the Moon in a 
total Solar Eclipse. It certainly agrees in a remarkable manner 
with the value given in the article already referred to in the * Ency- 
clopsedia Metropolitana/ It is easy to work out a result, of about 
216 miles, in a similar manner for the maximum breadth of the zone 
within which a Solar Eclipse may be annular. It will, 1 trust, be 
understood that I am fully aware of the almost absurdly rough and 
elementary manner in which this calculation has been made. Still 
I hope it may show how, without more than the use of a little pro- 
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portion and a few fractions, boys and girls in schools, or a popular 
audience of unmathematical folk, may be enabled to go a little deeper 
into sonrie appreciation of the numerical statements made in ordinary 
elementary treatises than they are in general invited to do. 

It is also interesting to notice that it may easily be shown by 
similar elementary and rough calculations (with which, however, £ 
will not here trouble the readers of * The Observatory'), that such a 
shadow would, owing to the combined motions of the Earth and 
Moon in their orbits, pass over the point P at the rate of about 87 
miles per minute. For a shadow 173 miles wide, this would give 
4j^, or very nearly 1-| minutes; t. e, 4 minutes 40 seconds. This 
duration may be shown to agree well with that obtained by 
another simple method, provided we are careful to take account of 
the difference in the apparent size of the Moon, as seen vertically 
overhead, or from the centre of the Earth, to which we have already 
referred. 

This has been impressed upon me by the following circumstance. 
I remember being, momentarily puzzled in teaching a class by a 
calculation made as follows. The Sun s minimum apparent diameter 
being 31^ minutes of angular measure, and the Moon's maximum 
apparent diameter d3| minutes, or 120 seconds more, and the Moon 
at such a time passing over about 34 seconds of angular measure in 
a minute of time, it seemed that the Moon would take about ^-^ 
minutes of time, or about 3 minutes 30 seconds, to pass over the 
above difference ; or, that about 3 minutes 30 seconds would be the 
longest possible duration of the totality of a Solar Eclipse (neglect- 
ing the rotation of the Earth). This appeared to contradict the 
previously obtained duration of 4 minutes 40 seconds. But upon 
noticing (as was shown at the commencement of this article) that 
the maximum duration of totality is lengthened by one-third owing 
to the greater apparent size of the Moon when seen vertically over 
any place, compared with the size it would appear to have from the 
centre of the Earth, and increasing the 3 minutes 30 seconds by 
-j^rd part, and so bringing it to 4 minutes 40 seconds, the two results 
exactly corresponded. 

The maximum possible duration of totality, when the rotation 
of the Earth is taken into account, may be deduced from the 
above calculations as follows : — We have assumed the shadow to 
be sweeping directly across the place P at the rate of 37 miles 
ptr minute. If P be on the equator of the Earth it will be revolv- 
ing in the same direction at the rate of about 25,000 miles in 24 
hours, or about 17 miles per minute, and the shadow will there- 
fore pass over the place P at about 20 miles per minute only, in- 
stead of at 37 miles per minute. Taking the breadth of the .shadow, 
as before, to be 173 miles, this would make the maximum possible 
duration of totality about 8j| minutes — a result which i£ really rather 
too great. The great Eclipse of August 1 7, 186S, was total for 
nearly 7 minutes in the most favourable places for observation, and 
is, I believei the longest ever recorded. But cveu in that remark- 
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able instance the extreme limits of duration were not reached. The 
exact calculation of the maximum possible duration under an ima- 
ginary coincidence of every most favourable condition is, of course, 
highly complicated. The most recent statement of the exact value 
for a place on the equator which I have met with is one made by 
Du S^jour, in the year 1777, to the French Academy of Science?. 
His result was 7 minutes 58 seconds. This value might, doubtless, 
be somewhat modified by the use of the most accurate values of 
elements now known. It is, however, not very different from the 
rough arithmetical calculation of 8i minutes made in this article, 
and, I think, sufficiently near to it to show that such rough calcula- 
tions may help to make astronomy interesting to those who cannot 
use higher mathematical processes. I have chosen this example of 
the application of simple arithmetic to the calculation of the maxi- 
mum possible totality of a Solar Eclipse, not because it is one of 
the easiest examples of such calculations that I might have chosen, 
but because it is one that has recently come before me in my lec- 
tures, and one which may suggest, from the somewhat difRcult nature 
of the problem involved, that many other and simpler arithmetical 
illustrations of elementary astronomical principles may easily be 
found. 

E. Ledger. 



Binary Stars. . 

It is well known that Sir W. Herschel was the first who proved the 
existence of Binary Stars. He did this by the aid of micrometric 
measures which he had made with the view of finding the parallax 
of fixed stars, and since that time the two subjects have been closely 
allied*. Astronomers havf*, at the same time, investigated both, 
and with about the same kind of apparatus as Ilerscliel, which, in 
the course of time, has been higlily improved. Before that the 
public opinion concerning the existence of Binary Systems was 
divided. Lambert and other astronomers were inclined to doubt it, 
while John Mitchell and others considered a physical connexion 
t>etween fixed stars highly probable, and Christian Mayer was con- 
vinced of it. Herschel commenced his observations on double 
stars in 1779, but he was not able before 1802 to decide whether 
the motions were rectilinear or orbital. It is curious how near 
Bradley was to this great discovery. He observed with the greatest 
care the position-angle of Castor in 1718, and again in 1759, when 
it had altered abcut thirty degrees. J. Herscliel writes: — "The 
lapse of forty years, however, will explain this. A similar train of 

* Measures instituted for determination of the difference in parallax of two 
dose stars must suffer from syetematie errors similar to those that have been 
found in double-star observations. Briinnow has paid attention to this circum- 
stance ; bat might not something of the same nature vitiate our parallax deter- 
minations also in other cases ? 
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speculatioD as to the probable effect of parallax on a double star 
might arise afresh in his inincl, and prompt the same observation on 
the most conspicuous and almost the only close double star known 
to him, with a perfect uncon.<ciousness at that distance of time of 
having ever before been led by the same train of thought to the same 
minute scrutiny.** < Ursse Majoris, a Centauri (observed by 
Feuill^e*), and y Virginis were discovered before Castor. 
. Sir W. Herschel remained almost to his death the only authority 
on double stars. Indeed he was without cooperators in mos^t of the 
new branches of science he started. It was not till 1813 and 1819 
that the subject was taken up by W. Struve in Russia, and by J. 
Herschel in England, who were shortly followed by a number of 
observers, owing to whose zealous cooperation a new problem was 
soon put forward— the determination of the orbits of binary stars. 
Sir John Herschel showed himself equal to the occasion ; and we 
may as well consider his investigations first, although they were not 
•o in point of time, because his method in its original form has been 
Qsed more than any other up to this time, and, far from becoming 
obsolete, it is yearly gaining ground at the cost of those methods 
which have been proposed elsewhere. 

Tlie observed position-angles are laid down as ordinates, with the 
epochs as abscis^a^, and a continuous curve is drawn through the 
points. This, of course, is not posi»ible ; but the points should be 
evenly distributed on both sides of the curve ; t. e. in case the 
observations were all of equal weight, the sum of the positive de- 
viations in the ordinates ought to be equal to the sum of the nega- 
tive. Measures made by different observers are, however, of veiy 

* Louis Feuillde was bom in 1660, in Mane, a Tillage in Upper-Provenoe, and 
entered the Order of the Minorites in 1680 at Avignon, in which town also his 
interest for astronomy was awakened. His first obeeryations were oonoeming 
eclipses and oocultations. Yon Zaoh, fVom whose biography of the distin- 
guittied man these notes are taken, assures us that it was Feuill^e who, in 1699, 
on the occasion of an oocultation of 9 Tauri, first remarked the phenomenon 
which occasionally takes place when stars are occulted by the Moon, and the 
star appears for seconds inside upon the Moon's disk before it finally disappears. 
He was also the first navigator who not only understood how to appreciate the 
method of determining the longitude by lunar distances, which had been pro- 
posed in the commencement of the sixteenth century, but made use of it prao- 
tically as early as 1708. For this purpose he employed a so-called astronomical 
radius, which, Yon Zach tells us, continued to be used by French sailors up to the 
end of the last century. Feuill^ was appointed Mathematician and Botanist by 
Louis XIY. in 1707, and was sent out on voyages of discovery to the Levant, 
to Northern Africa, and South America. He thought the refraction might come 
out smaller there than in Europe, and made observations in Lima, from which 
be arrived at a value of the constant, that agrees with that long after obtained 
by Bouguer. He described with accuracy both the so-called " coalsacks," and 
gave a drawing of the largest of them. He was, in 1724, ordered out to Ferro, 
in order to determine the difference of longitude between this island and the 
Observatory of Paris, on which occasion be also ascended and made observa- 
tions on the Peak of Teneriffe, which a century and a half after was made so 
famous by Piaszi Smyth's stay there. The remainder of his life he spent in 
Marseilles, where he erected a small observatory. He got a pension for life from 
Louis XIY., and died in 1732. 
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difFerent iieight, and systematic deviations are found between them. 
This together with the circumstance that occoMonally the tangents 
that follow from the distances must be taken into account, renders 
the construction of these curves often a task for which great expert* 
•nee is wanted. The beauty of the curve alone is no sufficient 
^uide. A similar curve is constructed from the distances. These 
bad, however, not been measured with sufficient accuracy in 
HerscheFs time, and he computed them therefore from the first dif- 
ferential coefficients of the angles according to the law, that when 
a body is acted on by a force that emanates from a fixed point, the 
areas described by the radius vector are proportional to the time« 
The coefficients are computed from the differences of different order 
of the angles or from the tabulated angles themselves. Herschel, 
however, determined them by aid of tangents drawn to the curve at 
regular intervals; and this is a good method, though it lakes time to 
do it carefully. Even when the distances have been accurately 
measured during the whole period embraced by the interpolating 
curve, they should also be deduced from the angles and the curves 
corrected in case of disagreement. Some investigators prefer to 
determine the angles from the distances by integration ; but then 
they are liable to fall into the opposite error, and attribute undue 
weight to the distances. The interpolating curve for the angle is 
always more trustworthy. When it appears that no better agree* 
ment between the curves can be obtained, we are able to construct 
any number of points belonging to the apparent orbit, by reading 
the angles off on the curve and interpolating the most probable 
values of the distances between the two curves resulting from the 
angles and the measured distances. The area of the apparent 
ellipse is 



jj^,-f*=*p, 



and as the areas described during equal times are constant, we 
have 

in which the right side should be multiplied by arc 1° when the 
angles are expressed in degrees. 

From a series of values of k that follow from the Tables 
for the angles and distances, we tind its most probable value. 
Knowing this, together with the angles described in regular in- 
tervals of one to five years, we may construct the isosceles triangles 
equal to the areas corresponding to the angles. The angles, if*, 
which the tangent makes with the line perpendicular to the radius 
vector may be calculated as follows :— 

Un^=i*«l£!?5?=,JP.?fe, 
^ pde p'2kdt ndi' 

and the tangente drawn so that the triangles they form with the legs 
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of the angle shall be equal in area to the isosceles triangles. This 
may serve as a guide in drawing the apparent ellipse. 

The apparent orbit has hitherto been found to be as nearly 
elliptic as could be expected, considering the difficulty of making 
accurate measures ; and the laws that govern the movements within 
the solar system hold good, therefore, in those remote spaces which 
the spectroscope has shown to be filled with matter in chemical com* 
position like that of which our planet is made up. At least this is 
approximately the case. 

Of course we do not observe the companion describing the real 
orbit, as we are not in the pole of it. We see it projected on the 
plane perpendicular to the line between the star and the solar 
system. The apparent orbit is then another ellipse, but the prin- 
cipal star does not lie in the focus. Herschel s second method 
starts, therefore, from the general equation of the second degree 
between the rectangular coordinates of points belonging to the 
ellipse^ 

1 -i-ax+by-^-ca^+dxy+ey^^O. 

If the coordinates (x^ y) can be computed for at least five epochs 
from the observations, we can obtain the constants from these 
equations. Herschel gives the normal equations that result from a 
number of equations of the above form. He attributes equal weight 
to each of the equations. In fact their solution would involve rather 
tedious calculation if different weights were introduced, and I do 
not know of any investigation in which it has been tried ; but I am 
inclined to think that this circumstance renders the second highly 
inferior to the first method, in which it is easy to take the weights 
approximately into account. I cannot, therefore, agree with those 
writers who consider the construction hardly worthy to be called 
a method. I have found it in the first instance answer better than 
any other in CRses in which, through want of experience, I at first 
thought a trial unnecessary. 

When the apparent ellipse has been constructed, Herschel com- 
putes the elements of the real orbit by formulae which are very 
convenient. Thiele and Wilson have thought it interesting to show 
how this can also be done by construction, and how even the 
ephemeris may be drawn. When the equation of the apparent 
ellipse has been obtained, Herschel gives more complicated formulas 
for finding the elements. These have been given in slightly different 
forms by Winnecke, Winagradskij, and by Seeliger. 

As already pointed out, several methods had been proposed before 
Herschel's investigations. In Savary's* first method the elements 

* F6lix Sarary was bom in 1707 in Paris. He was professor at the Ecole 
Polytechniqae, Membre de I'lnstitut and of the Bureau des Longitudes. He 
wrote on the theory of electricity and ma^etism ; but while he was astronomer 
at the observatory, Arago susgested to him that he should give a solution of 
the double-star problem, and ne published his two papers in the ' Ck)nn. des . 
Temps ' for 1830 and 1832. He died in 1841, prematurely, about the same time 
as Flemminft, in Konigsberg, who was investisating the motion of Uranus with * 
the view of oiscoveriDg Keptune, and whom Bessel, in his illustrious popular 
lectures, saluted with a " Qliick auf ! " 
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are also obtained from five points of the apparent orbit. It is 
founded'oti the following relation betwe n four parallel chords in 
the ellipse. Let the parallel chords be 2/^, 2/,, 2/,, and 2/^, where 
S/^ is the line joining the first two given points. If the distance 
between l^ and /, is denominated (I. II.), between /^ and /, (II. III.)* 
and 80 on, the relation is 

(II. III.) (II. IV.) (HI. IV.)/,*+(I. II.) (I. IV.) (11. IV.)/* 
-(I. III.) (I. IV.) (III. 1V.)V + (L II.) (I. III.) (II. III.)//. 

By means of this equation the angle which the conjugate diameter 
forms with the chords is determined, and therewith the lengths of 
the chords are given. Thus we know tlie position of four points on 
each side of the conjugate diameter, and the elements of the apparent 
orbit are obtained by elegant formulae. 

Savary also makes use of conjugate diameters in his second 
method, but it is nevertheless entirely different from the first. It 
will be remarked that in the investigations above referred to no 
mention has been made of the time. The epochs of the normal 
places have in fact only been used for determination of the epoch 
of periastron-passage and the period of one revolution, after all the 
other elements have been calculated. Now it has appeared to several 
astronomers very unjustifiable to make no use of so well determined 
a datum as the time ; and it was Savaty who first explained how to 
treat the problem in this case. Owing to the transcendent nature 
of the equations it can only be solved by trials. The aim to be 
attained is to effect these with as little labour as possible. He con- 
sidered the angles and distances given for four epochs— at the time 
a most proper distribution of the observations, though more out of 
place now, al^er many binaries have moved through a considerable 
part of their orbits. 

Savary starts from the equations for the three segments. That 
between the first and second point is, for instance, « JAB[(E,— E,) 
— sin (E, - E,)], where A and B are the major and minor semiaxes 
of the apparent ellipse and E^ and E, the eccentiic anomalies. It is, 
on the other hand, equal to the difference between the sector 
k(i^ "0 ^°^ ^^^ triangle between the principal star and the two 
points. In the solar system k is known, and we have only six 
elements to determine ; but in the binary systems k is not always 
known. Savary therefore eliminates k from the equations, expresses 
all the difierences between eccentric anomalies in functions of 
E,~ Ej.and finds this quantity by trials, after which the elements of 
the apparent orbit are easily calculated. Savary's methods, though 
analytically elegant, were too complicated to be generally adopted. 
Eucke, however, has facilitated the trials by considerations con- 
cerning the areas of the various triangles that may be calculated 
from the given data. His formulae resemble more those in Gau»s*« 
*Theoria Motus,' from which the orbits of minor planets are com- 
puted. Hence, perhaps, comes the strong predilection German 
calculators up to this time have evinced for Encke's method, though 
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it has long been superseded. The trials above referred to are 
not the only difBculty. The pmblem is over-determined, eight 
quantities being given, seven only sought. It has to be solved for 
different values of one of the data in order that the four normal 
places may be represented. Commonly the case is such that while 
three complete normal places may be derived from modern observa- 
tions, the fourth obtained from W. HerschelV measures gives seldom 
an approximation to the distance. Seeliger has therefore lately in- 
vestigated the problem on the supposition that the distance is wanting 
for one of the epochs ; but the formulae at which he arrives are far 
too complicated to be generally adopted. 

Thiele constructs the Interpolating curves for angles and distances 
after Herschel's method, and finds thus the value of k. Then, in 
analogy with the calculation of planetary orbits, three complete 
observations suffice for the determination of the elements. To this 
end he makes use of Savar}'*s equations : — 

kP 

*('.-'a)- Jprf>, «n (0.-0,)=cSiEs-"E,- sin (E.^EJj, 

*(^~0-if>if>.»»" (»i-^5)=2i[E,-E,- sin (E, -E,)], 

*('a-0- Wi «n (».-^i)=2;^[E,-E,- sin (E^-E,)]. 

The three diff rences between eccentric anomalies are calculated for 
different hypothetical values of the period and are tried by the 
condition that 

(E,-E,)+(E,-E,)+(E,-E,)-0. 

The important case where, besides three complete observations, 
one position-angle for a remote epoch is given has been treated by 
Thiele with equal success. The three (or rather four) equationH 
are solved as before; but afterwards p^ and £4— E^ are found by 
trial from the following equations : — 

Kt-t,)-lp, sin (e,-0,) .p,=2;^[E,-Ej-sin(E,-E,)], 

*(^-'a)- J/>> (<^4-»a) .P*=5iC(E.-E,)-(E,-E,) 

^sin((E,-E,).-(E3-EJ)]. 

The case is that k cannot be considered as definitely given when 
the remote position-angle has not been taken into account in deter* 
mining it ; but after having solved the two last equations we get a 
new value of k from the following equation, which, if it does not 
agree with the original value, may serve as a guide fbr another 
hypothesis : — 

*('*-'.)- W,»in («4~«.) + 2;[K4-E,-8in (E,-E,)]. 
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The solution of the equations is facilitated by a Table originally 
given by Encke for E— sin E with argument E. 

I propose to find epoch, period, and eccentricity from the follow- 
ing equations: — 

sin i(E"-E')sini(E^^->E) _^ 
sin J(E"'-E')sin JCE'^-E)"" ' 

sin j(E"-^EO sin i(E'-E) 
sin i(E"'-E'')sin J(E^"-.E)-'^» 
sini(E^^-E)sin j(E'-E) _^ 
sin J(E"'-E") sin J(E"'-E')" 
where 

pp' sin (e'-^e)'\'pp' sin {Q"-^Q')^pp" sin {&' -B) _ . 
pp' sin (e'-e)-f pV" sin {e"'-ff)-pp" sin (O"'~0) ' 
pp sin (e'-Q)'^pp' sin (e"'-e')-pp" sin (tf'-Q) _^ 
pp" sin (d"-e)+p'V"fiin e"'-.0")-p/" sin {6'" -0) ' 

pp' sin ffl~e)+py' sin (e"^e')-pp'' ^m (o"-e) _p 

p'p" sin (r-0')+p"p"' sin (e'"-e")-p'p"' sin (tf"-0') 

The elements which fix the situation of the real orbit are after- 
wards found from the angles of position in connexion with the true 
anomalies. This method may be used when the elements have to 
be deduced by the method of least squares from a great number of 
normal places. A table in the ' Astronomische Nachrichten ' giving 
the eccentric anomalies corresponding to the mean anomalies for 
different eccentricities facilitates the trials. W. Dobbrck. 



On CrolVa Hypothesis of the Origin of Solar and 
Sidereal Heat *. 

The ' Quarterly Journal of Science * for July, 1877, contains an 
able and interesting article by James Croll, LL.D., F.R.S., on the 
age and origin of the Sun's heat The theory of Dr. Croll may be 
regarded as a compromii^e between the mathematicians, represented 
by Thomson, Tait, and Newcomb, and the geologists of the uni- 
formitarian school* represented by Playfair, Lyell, Darwin^ &c. 
The principal points of this remarkable paper are: — 

J. That, as had been estimated by Sir William Thomson and 
others, but twenty million yeacs* heat could be produced by the 
falling together of the Sun*s mass. 

2. That not less than five hundred millions of years have been 
required for the stratification of the Earth's crust at the present rate 
of subaerial denudation ; and hence that the gravitation theory of 
the origin of the Sun's heat is incompatible with geological facts. 

* FVom the ' American Journal of Science and Arts,' Vol. xr., April 1876. 
Communicated by the Author. 
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S. If we suppose two solid opaque bodies, each equal to half the 
Sun*s mass to fall together in consequeiice simply of their mutual 
attraction, the collision would instantly generate sufficient heat to 
reduce the entire mass to a state of vapour. If, in addition to the 
motion resulting from their mutual attraction, we suppose the bodies 
to have had an original or independent motion towards each other of 
202 miles per second, the concussion would produce 50,000,000 
years' heat ; a motion of 678 miles per second, together with that 
due to their mutual attraction, would generate 200,000,000 years' 
heat; and a velocity of 1,700 miles per second would generate an 
amount of heat which would keep up the supply at the present rate 
for 800,000,000 years. 

4. The Sun and all visible stars may have derived their heat from 
the collision of cold, opaque masses thus moving in space. The 
nebulae are the products of the more recent impacts, and the f^tars 
have been formed by the condensation of ancient nebulae. 

5. This theory, while accepting the doctrine of the conservation 
of energy, indicates at the same time a possible supply of heat for 
several hundred millions of years, thus satisfying all moderate 
demands for geological time. 

The mathematical correctness of the theory here stated will not 
be called in question. We shall consider merely the probability of 
the facts assumed as its basis. To the present writer the hypothesis 
seems unsatisfactory for the following reasons : — 

' 1 . The existence of such sidereal bodies as the theory assumes is 
purely conjectural, unless it be claimed that lost or missing ^tars have 
become non-luminous, of which we have no conclusive evidence. 

2. But, granting their existence, we have no instances of stellar 
motion comparable with those demanded by the hypothesis — the 
velocity being in most cases less than 50 miles, and in no case 
exceeding 200 miles per second. 

S. If the two masses by whose collision the Sun is supposed to 
have been formed were very unequal, as would be most probable, 
the amount of heat generated would be correspondingly less. 

4, Such collisions as the theory assumes are wholly hypothetical. 
It is infinitely improbable that two cosmical bodies should move in 
the same straight line ; and of two moving in different lines, it is 
improbable that either should impinge against the other. Comets 
pass round the Sun without collision against it. 

5. But granting these difficulties removed, let us suppose that 
about 800,000,000 years ago, t^o cold, opaque bodies, each con- 
taining one-half the matter of the solar system, were approaching 
one another in the same straight line, each at the rate of 1,700 miles 
per second*; that on meeting, their motion was transformed into 
heat; and that their united mass was at once reduced to vapour: 
the gt^at question yet remains — How much of the period repre- 

* This is the ereatest velocity mentioned by Dr. Croll. An increased rate of 
motion would, of course, produce more heat ; but the hypothesis would be open 
to the same objections. 
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•ented by these 800,000,000 years* hpat can be claimed as geological 
time ? The nebula formed by the collision would exiend far beyond 
the present orbit of Neptune. The amount of heat radiated in a 
given time from so va^^t a surface would doubtIe:«s be much greater 
than that now emitted in an equal period. No considerable con- 
traction could occur until a large proportion of the heat produced 
by the impact had been dissipated in space. It has been shown by 
Trowbridge* that with a temperature at the Suii^s surface of twice 
its present intensity the solar atmosphere would be expanded 
beyond thie Earth's orbir. The conclusion seems inevitable that 
much the greater part of the 800,000,000 years' heat must have 
been radiated into space before the planeb* were separated from the 
solar mass, and consequently that the amount of geological time 
cannot, to any great extent, have exceeded the limits indicated by 
the researches of Sir William Thomson, 

Upon the whole, it seems more difficult to grant the demands of 
Dr. TrolPs hypothesis than to believe that in former ages the strati- 
fication of the Earth's crust proceeded more rapidly than at present. 
The former, as we have seen, has no sufficient basis in the facts of 
observation. On the other hand, if our planet has cooled down 
from a state of igneous fluidity, the great heat of former times must 
doubtless have intensified both aqueous and atmospheric agencies in 
producing modifications of the Earth's exterior. 
Bloomington, Indiana, Daniel Kirkwood. 

March 1878. 



On the AeroUtic Epoch of November Uth-lSthf. 

It is now well known that clusters of small meteors — the so-called 
shooting-fftars — move in elliptic orbits about the Sun* Catalogues 
of fire-balls and meteoric stones indicate, moreover, that groups of 
larger bodies, somewhat widely dispersed, revolve in like manner 
about the centre of our system, their orbits in certain ca^es inter- 
secting that of the Earth. The 12th and 13th of November is one 
ofthe.se aerolitic epochs, the date being nearly coincident with that 
of the great November shower of falling stars. The writer until 
recently supposed the meteorites of this epoch to revolve in the 
same orbit with the nebulous swarm which furni^^hed the showers 
of 1833, 1866, and 1867t- Later study of the facts, however, has 
rendered the theory of this intimate relation extremely improbable. 
The principal phenomena of this epoch (not including star-showers) 
are the following: — 

♦ Proo. Amer. Phil. Soc., Vol. xri. pp. 329-^338^ and National Quarterly 
Keview, March 1877, p. 292. 

t Paper read before the Ainerican Phil. Soc. Communicated by the Author. 

X A list of Btone-faUs, detonating meteors^^ and large fire-balls which have 
appear^ about this epoch is given in ' Meteoric Astronomy/ pp. 58-60. 
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(o.J 1582, meteoric ph^'iiomena at Zurich. 
{b,) 1765, an extraordinary meteor at Frankfort, 
(c.) r 1820, a detonating meteor seen in Russia. 
(J.) \ 1822, fall of aerolites at Potsdam and Leipzig. 
(e.) 1828, a ?reat meteor seen in full sunshine in France. 
(/.) 1835, a fall of aerolites in France. 
(^.) f 1849, a fall of aerolites at Tripoli. 
(h,) \ 1 84'9, a large meteor seen in Mecklenberg. 
(f.) 1856, a meteoric stone fell in Italy, 

{j,) 1877, a brilliant meteor seen in Arkansas and another in 
Wisconsin. 

Remarks. 

(a.) This so-called ** fall of fire from heaven " occurred on the 
28tb of October, O. S., or November 7th, N. S. Making allowance 
for the precession of the equinoxes, the date corresponds at present 
to the morning of November 12th. 

(6.) This bolide was observed November 11th, and is the only 
one in our list which occurred very near the epoch of the great star- 
shower in November. 

(c.) See Greg's catalogue of fire-balls aid meteoric stones; also 
Quetelet's catalogue of shooting-stars. 

(£/.) Several aerolites fell at this date near Potsdam, and also at 
Taucha, near Leipzig, about 75 miles distant. 

(e.) See Quetelet's catalogue. 

(/.) This fall uf aerolites occurred on the evening of November 
IStli, in the Departement de TAin, France. The m teor was uncan- 
formable to the radiant of the Leonids, its motion being from south- 
west to north-ea<t. A fragment is in the collection of Prof. Shepard, 
of Amherst, Massachusetts. 

(^.) The meteoric phenomena of this date are thus described in 
the catalogne of Mr. Greg : '* Seen in the southern sky. Varied in 
colour; a bright cloud visible one and a half hour after; according 
to some a detonation heard fifteen minutr's after buri>ting. Seen 
also like a stream of fire between Tunis and Tripoli, where a shower 
of gtones fell ; some of them in the town of Tripoli itself." 

(A.) This fire-ball appeared on the same evening or night. — 
Greg's catalogue. 

(t.) This aerolite fell at Trezano. A fragment is in the collec« 
ti(m of Professor Shepard. 

(/) A large meteor was seen by Professor Robert C. Hindley, 
of Hacine, Wisconsin, on Sunday evening, November 1 1 th, at three 
minutes past six o'clock (Chicago time?). This meteor is thus de- 
•crit)ed by Processor H. in the * Scientific American ' for December 
1, 1877 : "Dineeti^n N.N.E. ; altitude aft comroencemeat of eoune 
about S0°, length of course from \(f to IS"^; time oT folting about 
8 seconds. It fell towards the west, making an angle in MUb^ %m 
the earth of about 65^ with the vertical passing through the boffjr* 
During the Utter three-fourths of its course, its length, includiQf 
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the luminous trail, was about one half of a degree. The nucleus 
was very brilliant; its colour at first a yellowish white, then a light 
green, and lastly, a greenish-yellow. Could its colour have been 
due to boron, thallium, &c.? I find no record in any of the 
numerous analyses of meteoric stones of the presence of elements 
likely to give the green colour." 

On the following evening, November 12th, at 6h. 36m. (Memphis 
time), Franic L. James, Ph.D., M.D., of Osceola, Arkansas, saw 
another meteor in the same part of the heavens, and in souie respects 
30 strikingly resembling that observed in Wisconsin, that he was 
disposed, on reading Prof. Hindley's description, to think they had 
observed the same phenomenon, and that one or the other had 
mistaken the date. I have, however, corresponded with both the 
gentlemen, and have found that the meteors were seen on different 
evenings. *' The date is fixed," says Dr. James, ** not only by my 
own ' case-record ' but by that of a friend and brother physician 
who assisted me in an amputatiun on the previous day.** The fol- 
lowing account of the Arkansas meteor is extracted from Dr. J.*s 
communication in the ' Scientific American ' for December 29th, 
1877 : — '*! was startled by a sudden glare of light which seemed to 
come from right in front of me. Throwing up my eyes I saw a 
large and very brilliant meteor in the north east, falling apparently 
nearly straight downward, with a slight deviation to the east. 
When I first saw the meteor it was about 30° in height; and judging 
from the length of time it took to travel the remainder of its course, 
jt must already have fallen S° or 4°. It fell through an arc of about 
12° or 15° in all, and was about ten seconds, in falling. When I 
first saw it it had a golden hue, which suddenly changed to greeni 
of that peculiar shade produced by burning chlorate of potash with 
nitrate of barium and sulphur. I'he light shed by it was pulsating 
and sufficiently powerful to light up the Tennessee shore and the 
sand bars, so as to show every log and stump." 

Probable Inferenxbs. 

] . The number of stone-falls and detonating meteors observed on 
the 11th, I2th, and 13th of Novmeber is nuire than double the 
average daily fall. Hence the periodic return of a cluster whose 
orbit intersects that of the earth is rendered highly probable. 
. 2. None of the aerolites or meteors of the preceding list are 
known to have been conformable to the radiant in Leo, while those 
of November 13, 1835, and November 12th, 1877, were certainly 
«ii-conformable, their heliocentric motion having been direct. 
This aerolitic group cannot therefore be connected with the shoot- 
ing-stars of November 14th. 

3. These facts, it must be confessed, are unfavourable to the 
hypothesis, formerly advocated by the writer, that ' meteoric stones 
are but the largest masses in the nebulous rings from which showers 
of shooting-stars are derived '**. It is true that in the great star* 

* Meteoric Astronomy, p. 64. 
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showers of 1799, 18S3, and 1866 a number of large fire-balls were 
seen which belonged undoubtedly to the cluster of Leonids ; but it 
is remarkable that among all this number no detonation was ever 
beard, and that no meteoric stones have ever fallen during these 
extraordinary star-ehowers. 

4. The dates of the phenomena given above indicate a period of 
seven years. Several sporadic fire-balls, however, have appeared at 
this epoch, and no definite conclusion in regard to the period is 
possible without additional data. . 

Daniel Kirkwood. 



The Variable Star R Scuti. 

The observations on this interesting variable extend from July 7 
to December 3, 1877, when further observations were rendered 
impossible, owing to the star's near approach to the sunset horizon. 
The value of the series is somewhat- impaired bv serious breaks 
at critical points of the light-curves between July 24} August S, 
August 11-28, and October 13-27. 

The results when charted, however, exhibit two maxima and 
two minima. The first maximum, occurring about September 19th, is 
deduced from a very good series of observations, which show a very 
gradual but slow increase in light; while the second maximum, 
occurring on or about November 17th, is represented by a very 
rapid but uniform increase, followed by a slight decrease and a com- 
plete standstill until the observations terminated. In the case of the 
second maximum the light apparently reached its greatest brilliancy 
on November 7th, according to the observed brightness, but the 
general characteristic of the light-curve indicated the maximum as 
occurring on the 17th. - Errors of observation may possibly account 
for the slight decrease noticed after the 7th, owing to the moonlight 
which prevailed after the 9th. 

The first minimum is only fairly indicated as occurring about 
August 17th, the second October 18th, but neither is to be taken as' 
showing any decided results but only approximations. The com- 
parison stars used were taken from Argelander's list (* Bonner Beo-' 
bachtungen,' Vol. vii.) and their light-values were independently 
determined from my observations, and the corresponding brightness 
of R Scuti deduced from these. For comparison my table of light 
values for these stars is given, together with those of Argelander and 
Setb C. Chandler, Jr. 

Comparison Argelander. Chandler. Sawyer. 

Star. Light-value. 
k 23-1 — 24'0 

h 19*8 20*0 20'0 

g i8-o 19*0 I7'6 

c i6*o 15*0 I4*i 

m 12*9 12*5 12*6 

VOL. 11. K 
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The following are the light-values for each evening :-^ 



1877. 

July 7 . 

8. 

9- 
10. 

II . 
la. 
14. 
'5 

23. 

24. 

Aug. 3. 

4. 

6. 

8. 
10. 
It. 
28. 
30. 



13-3 
15-9 
1 6-8 
16*4 

i8-S 
i7'6 
17-9 
16-9 
i8-8 
19-3 
15-3 
16-3 

15-5 
16-3 

17-3 
i8-o 



1877. 
Sept £. 

8. 

4. 

6. 

9- 
10. 
II . 
12. 
14. 



i8-o 

i8-5 
20-3 

i9'3 
20-3 
20-3 
20-3 
21-5 
21-5 



X877. 
Oct 13. 

27. 
28. 

30- 



21 22*0 

22 22'0 

23 21-5 

24 32*0 

30 I7'S 

Oct 5 i8-8 

6 i8-8 

7 i6»3 

10 15-3 

A low-power opera-g1a.«d was as^ed throughout the series. Obser 
vations made at Cambridgeport, Mass. Edwin F. SaWt£R. 

Oambridgeport, June 1878. 



.... 163 
... i8-8 
... 19-5 

Nov. 3 22"0 

4 22-0 

6 22*5 

7 23-8 

9 23-0 

13 22-5 

14 22'0 

18 22'0 

19 22*0 

20 82'0 

30 82*0 

Dec. X 22*0 

2 2fO 

3 207 



CORRESPONDENCE. 

To the Editor of The Observatory: 

Distortion qf the Photoheliograph. 
Sir.— 

The inquiry which was made by Mr. Common at the Astro- 
nomical Society's Meeting, as to the possible discordance in the 
corrections for distortion (1) of a photographic image of the Sun, 
(2) of image of De La Rues Scale, was quite pertinent; but it waa 
evident that it could not very well be answered there. 

I now offer a diagram relating to it and give the following expla- 
nations : — 
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The firm lines relate to the Scale, the chain-lioes to the Sun ; O, O' 
are the two positions of the object-glass for the Scale and Sun 
respectively. F is the principal focus or place of first image, M the 
magnifying doublet, P the photographic plate on which the magni« 
fied image fails. 

The focal adjustment is made by sliding the object-glass tube. 
This mufit be slid so far that the fir^t image fails at a deHnite posi- 
tion F, the rays from which, passing through the magnifying doublet, 
will make a clear image on the photographic plate. For the Scale 
the central ray is easily traced. For the Sun, draw the straight 
chain-line from the place of first image F, through the centre of 
chain-line object-glass O', and continue it to the Sun. This line is 
slightly inclined to the ray from the Scale. But, considering its 
path towards the photographic plate, all rays which cross at F, the 
place of first image, do unite on the photographic plate P. 

And whatever be their origin, they are subject to the same dis- 
tortion there : it is given only by the magnifying doublet. Hut the 
distortion for a given direction towards the Sun is the same as for a 
direction slightly different towards the Scale. 

Therefore if we used a formula for distortion depending on the 
instrumental angle, it ought to be different for the Sun and the 
Scale. 

If we used a formula depending on the measure of photography 
it ought to be the same. This is our practice. 

I am, Sir, yours faithfully, 
Bojal Observatory, Greenwich, G. B. AlRY. 

1878, July 13. 

TVansit of Mercury. 

Sir,— 

The last phases of this phenomenon were observed under 
rather favourable circumstances at the Melbourne Observatory. At 
sunrise the planet was well on to the Sun's disk. With the S-inch 
refractor a careful watch was kept for possible satellites, and for 
appearances at internal and external contact at egress. No signs of 
a satellite were observed ; the internal contact took place at 
20^ 24-" 52% Melbourne mean time and external at 20* 28" ©••6; 
51 seconds before internal contact a^R6 Mreacf, like what I observed 
in the Transit of Venus, was seen to join the planet and Sun's edge, 
the planet remaining quite round and the Sun's limb unbroken. No 
part of the planet could be seen outside the Sun's limb, nor any ' 
luminosity around its border, as in the case of Venus. I suspected 
a central white spot on Mercury, but fancy it was an optical illusion. 

From measures of a Centauri taken on May 8, it appears that the - 
components are slowly separating. 

I am. Sir, yours faithfully, 
HelboQTne Observatovr, Robert L. J. Ellbry. 

1878, Hay U. 

il2 
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Early Sun-spot Drawings. 

Sir,— 

Between the introduction of the telescope, in the year 

1610, and the first recorded observation of a Transit of Mercury, 
there happened three passages of the planet across the Sun's disk. 
The dates of these were:— 1615, May 3; 1618, November 4 ; 1628, 
May 5. All were, more or less, visible in Europe. Remembering 
the ease with which 1 have perceived Mercury when iu transit with 
a very small telescope, it has struck me that there may be drawings 
of the Suns disk extant for the dates just mentioned, so that the 
small black dot of Mercury may be marked on them without the 
observer being aware that he was recording an observation of the 
planet's transit The only early solar-spot diagrams I have been 
able to see are those by our countryman Harriot, for about the year 

1611, those in Galileo's *Macchie Solari' for 1613, and those in 
Scheiners ' Rosa Ursina ' for the year 1625. There are, no doubt, 
however, other works giving the like. Humboldt, in * Cosmos,' 
mentions two such of this period, one by Jean Tarde and the other 
by a Belgian Jesuit Have any of your readers access to any sun- 
spot drawings, or any works containing the like for the years 1615, 

1618, 1628? 

Faithfully yours, 
Upton HelioDB Rectory, S. J. JoHNSOM. 

Crediton, July 10. 



NOTES- 

Dudley Observatory, Albany. — Mr. Lewis Boss was 
appointed Director of this Observatory, which is affiliated to the 
Union University, in July 1876, and now issues a report on the 
state of the instruments and work done in the year 1877* The 
instrumental equipment consists (1) of a 13-inch equatoreal by Fitz, 
of New York, which, on account of optical defects and faulty con- 
Btruction, has never been considered as well adapted for astronomi- 
cal research ; (2) of the Olcott Meridian Circle, which has suffered 
from lack of proper care, but is now in fair working order, though 
the performance of the object-glass is far from satisfactory ; and 
(3) of the Transit instrument, which is capable of furnishing ex- 
cellent results in the determination of Right Ascensions. There 
are also a comet-seeker of four inches aperture, various clocks, two 
chronographs, both entirely out of repair, and self-recording 
meteorological instruments not in use. The staff consists of the 
astronomer, Mr. Lewis Boss, a student assistant, Mr. O. H. Land- 
retb, and a janitor; aiid^ in addition to his other duties, the astro- 
nomer has to deliver a course of lectures in the Union University, 
which occupies a considerable portion of his time, during April, 
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May, and June. *^ With such a force and under the circumstances," 
remarks Mr. Boss, *< 1 felt that it would be unwise to commit the 
Observatory to any extensive series of astronomical observations 
which would require years for their completion. The work has 
therefore been more or less of a fragmentary nature, but not, 1 hope, 
without scientific value." With the Olcott circle, observations of 
Mars for parallax, according to. Prof. Eastman's programme, were 
made on 36 nights, a number of selected stars were observed, in- 
cluding thpse used by Mr. Gill in his observations of Mars and 
Melpomene at Ascension, and in addition some observations of 
Ariadne, Melpomene, and Iris were made. With the equatoreal, 
Mr. Landreth has made 22 sketches of Mars and a large number 
of measures of position-angles of his polar spot, and also seven 
complete sets of differential observations of Iris east and west of the 
meridian, for determination of the Solar parallax, during the very 
favourable opposition of Nov.-Dec. last, when this minor planet was 
distant from us only seven-eighths of the Earth's mean distance 
from the Sun. The instrumental difficulties experienced were, 
however, very great, and the personal fatigue incurred proved no 
insignificant obstacle to success. A few phenomena of Jupiter's 
satellites were also observed. The computations generally are to 
be pushed forward and the results prepared for publication as fast 
as they become available. The Dudley Observatory sends time- 
signals to the New York Central Railway and to the towns on that 
line, without, however, receiving any compensation for the expense 
incurred, a state of things which the Director thinks ought to be 
remedied. Another matter needing reform was the admission of 
visitors, the pressure of applicants having become so great that in a 
single evening 116 persons had gained access to the Observatory, 
whilst their conduct was sometimes such as to render their presence 
any thing but agreeable. It was therefore found necessary to place 
some restrictions on the issue of cards. For the coming year Mr. 
Boss intimates his readiness to undertake with the Olcott circle the 
observations of a zone of 6^ still vacant in the programme of the 
Asiranomische GeseHschaft^ provided a temporary increase can be 
made in the staff, which would necessitate an additional expenditure 
of 2000 dols. per year for three years, a sum which the Director 
trusts may be raised by public subscription. The equatoreal may 
with advantage be directed to observations of phenomena of Jupi- 
ter's satellites, and, if a good position micrometer be provided, to a 
series of measures of their positions and distances. 

In his report Mr. Boss attaches much importance to the forma- 
tion of a good astronomical library, which he regards as quite as 
indispensable as good instruments, in order that the astronomer may 
profit by the experience of his predecessors and contemporaries. 
The library had been allowed to fall into a most deplorable state ; 
but it has now been put in order, and the Director hopes for con- 
siderable additions by donations, which are usually distributed with 
a liberal hand among the working observatories of the world. 
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Undulations in the Tail of Coggia's Comet, 1874*. — 
Mr. TroQvelot, on July *2l, 1874, at 9*" 0"*, observed a bright ray 
of light darting from the north-west horizon, which he at first took 
for an aaroral streamer, but afterwards found, on the phenomenon 
being repeated at frequent intervals, that it arose from a remarkable 
pulsation in the tail of Coggia^s comet, the bead of which was then 
below the horizon. For more than an hour the tail kindled and 
extinguished more than a hundred times, being sometimes so bright 
that in spite of the moon (then in her first quarter) it could be 
distinguished in all its contours to its very extremity, and at other 
times so faint that not a trace could be seen. Mr. Trouvelot adds 
that, whether it be coincidence or not, a strong magnetic perturba- 
tion was going on in Cambridge, U.S., though no auroral light was 
seen. Such pulsations have been previously remarked in the tails 
of other comets ; but there is some doubt as \o their being any thing 
but subjective phenpmena, having their origin in the varying sensi- 
tiveness of the observer's eye. 



The Transit of Mercury, 1878, MAY6t» — M. Andre's report 
of the observations made by the French Expedition to Utah has 
been presented to the French Academy. M. Andr6 and M. Hatt 
had each a 6-inch refractor with which experiments were to be tried 
on the black drop or dark ligament by varying the aperture and 
the depth of the dark glass used. The expedition was also provided 
with a photoheliograph under the charge of M. Angot, and a 
Washington long-focus heliograph, with the object of comparing 
the photographic methods employed at the late Transit of Venus by 
the Americans and by other nations. Unfortunately a violent 
storm prevented observations, of ingress, and it was not till noon 
that any photographs could be taken. By taking advantage of 
every break in the clouds M. Angot succeeded in obtaining 48 
photographs, and Mr. Hoffman, whose instrument had suffered 
injury during the storm, secured 30. 

The Egret's was well observed by M. Andr6 and M. Hatt. The 
latter with the full aperture of 6 inches saw the first trace of a 
ligament at 3^ 14°» 9', Ogden M.T., but by using a darker part of 
his graduated wedge he made this ligament disappear ; soon after it 
reappeared and he made it again disappear in the same way, and so 
on up to geometric contact, which he observed at 3* 14" 28*. M. 
Andr6 at first limited his aperture, by means of a diaphragm, to 4 
inches, and noted, at S^ 14°^ 5\ the first trace of a ligament, which 
after a few seconds became very broad and dark. On removing 
the diaphragm the ligament was reduced by more than half, and on 
replacing the diaphragm and using the graduated dark glass, the 
ligament was made to disappear and again reappear. Contact was 
observed at S^ 14°> 32', 4' after M. Hatt. External contact was 

* Amer. Joura., February 1878. 

t Oomptoe Boidufl, Vol. Izxrvi. Nos. 20, 22. 
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observed by M. Andr§ at 3*^ 17* I8», and by M. Hatt at %^ 17» 25^ 
M. Andr6 concludes that by fi)llowing the Kimple method used by M. 
Hatt contact in a Transit of Venus may be certainly observed within 
€^ being much easier to observe than the corresponding phenomenon 
for Mercury. At Palermo the contacts at ingress were observed 
spectroscopically by Prof. Tacchini, and telescopiealiy by MM. 
Cacciatore, Delisa, and Agnello. For external contact the spectro- 
scope gave 4* 4"» 35'-5, and the telescopes 4*" 5* SQ'-D, difference 
!» 4«-4; and for internal contact 4'» 7" 46'-7, and 4*» 7"* SS'-Q 
respectively, difference 9'*8 in the opposite direction. Prof. Tacchini 
first saw the planet on the chromoephere at 4^* 0" 33*. The 
difference 9**8 would imply that the Sun s radius seen in the spectra* 
scope is smaller by 0'''68 than the telescopic radius, a quantity 
which agrees with that found from a comparison of transits observed 
with the spectroscope and transitHsirole respectively, from April 12 
to May 9, namely 0"'42. The Transit of Venus in 1874 gave4"*33 
and transits of the Sun about the same time 2"*82, whilst a year 
later, in 1875> transits observed spectroscopically and with the 
transit-circle gave 1"*86, from which Prof. Tacchini concludes that 
the Sun*s diameter varies with the sun-spot period. 

Observations of the Transit have also been made by a large number 
of observers in the United States, including Prof. H. Draper and 
Mr. B utherfurd, who secured a number of photographs. Prof. Youngs 
Prof. Peters, Prof. Pickering, and at the Washington Observatory by 
Professors Newcomb, Hall, and Eastman. From Prof. Newcomb • 
observation of internal contact at ingress, the predicted time by ht 
Verrier's tables was only 10" late. Prof. Peters believes he baa 
obtained indications of an atmosphere round Mercury. Prof. H. 
Draper, on the other band, saw neither atmosphere nor bright spots, 
nor did he see the planet before first contact on the solar corona, at 
Prof. Langley, M. Janssen, and others did. 

At Toulouse M. Perrotin, observing through dense cloud withoat 
a dark glass, saw a penumbra or dark aureole round the planet on 
three different occasions, but this disappeared when the light became 
too bright. 

The Ultra-violet in the Solar Spectrum •. — M. A. Comu 
has been engaged on a careful study of the ultra-violet end of the 
solar spectrum^ which has led him to some important conclusions. 

In this work he has prepared two plates in extension of Angstrom's 
maps, and on the same scale, the first from hi (4101*0) to 0(34397)t 
observable with an ordinary spectroscope having prisms and ob- 
jectives of glass ; the second from O to U (2948'0)» observed photo- 
graphically by means of a spectroscope with objectives of quarts 
and a prism of Iceland sparj all carefully worked. He has tbua 
mapped out the spectrum to a considerable distance beyond the limit 
of previous investigators, M. Mascart having only been able to 

* Oomptes ItenduB, Tol. Izxxvi. Ife. 2. 



Digitized by 



Google 



128 Notes. [No. 16. 

observe as far as T (30197;, and that with great difficulty. But 
the most important result of M. Cornu's work is that there is a limit 
to the solar spectrum, depending not on the absorption of the prism 
and objectives, but of our atmosphere ; and the amount of this 
absorption may be judged of by the circumstance that whilst with, 
an Iceland-spar prism of 60^ rays in the spectra of metals may be 
observed at a deviation of more than 70^9 the solar spectrum cannot 
be photographed beyond 60° of deviation. This absorption by our 
atmosphere is, of course, much greater when the Sun is low, and it 
is only about noon at midsummer that the spectrum can be traced 
as far as U ; in winter the photographs barely extend as far as T. 
But M. Gomu finds that at equal altitudes the absorption is much 
greater in summer than in winter — a fact which he explains by the 
presence of a much larger amount of vapour at the former season, 
the absor^)tion being due to aqueous vapour. In fact there is nearly 
seven times as much vapour in the air in summer as in winter. 



Magnetic and Electric Action in the Sun's Atmo- 
sphere*. — From a discussion of his spectroscopic observations, M. 
A. Coruu has been led to the conclusion that the position and 
relative brightness of the dark lines in the solar spectrum may be 
explained by the action of an absorbing atmosphere similar in its 
constitution to volatilized meteorites. From this he deduces the 
following consequences : — 1. It is probable that the enormous mass 
of the Sun's atmosphere, containing, like the meteorites, a large pro- 
portion of vapour of iron, exercises an appreciable action on ter- 
restrial magnetic phenomena, so that the diurnal variations of the 
needle would, on this view, be due to the direct magnetic action of 
the Sun. Although iron when heated to incandescence loses its 
attraction on the magnet, M. Cornu urges that it has not been 
proved that the attractive force is reduced rigorously to zero, and 
there may be sufficient left to exercise a very appreciable action on 
the Earth. ^. The Earth, having probably a common origin with the 
Sun, may also largely be composed of iron ; and M. Cornu concludes 
that the central portion of the Earth being, as is known, much more 
dense than the exterior, and therefore presumably metallic, consists 
in large proportion of iron^-a supposition which would give an 
explanation of terrestrial magnetism. M. Cornu further attributes 
similar constitution to the Moon on the strength of a feeble but 
unequivocal action on the magnetic needle. 3. Considering that 
the solar prominences show a spectrum identical, in the relative 
brightness and sharpness of the lines, with that of highly rarefied 
hydrogen rendered incandescent by the electric discharge, it appears 
probable that, appearing as they do in the neighbourhood of faculae 
and spots, they simply represent massses of gas traversed by induc- 

* Comptes Seudus, Vol. Ixxxvi. No. 8. 
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tion currents in the neighbourhood of magnetic or electric regions 
in rapid motion, and that, as M. Fizeau has already pointed out, 
they are analogous to the terrestrial aurora. The prominences 
being, on this view, simply the illumination by induction currents' 
of masses of rarefied gas, their rapid extension and sudden dis< 
appearance would be explained without recourse to the improbable 
hypothesis of jets of gas having velocities of hundreds of miles a 
second. 



Solar Prominences and Sun-spots*. — ^The spectroscopic 
observations of the b and 1474< k lines on the Sun's limb made by 
Prof. Taccbini in 1877 compared with those of previous years, 
commencing with 1872, have led him to the following conclusions: — 
1. The mean daily number of positions of b and 1474 k shows a 
minimum in accordance with that of the sun-spots, having fallen 
for b from 400 in 1872 and 42*3 in 1873 to 25-3 in 1877, and for 
1474 k from 42-2 in 1872 and 447 Jn 1873 to 358 in 1877. 

2. From maximum to minimum the diminution in the visibility 
of b is greater than in that of 1474 ky so thatA-6 increases steadily 
from 2-2 in 1873 to lO'S in 187?. 

3. The vapour of iron han an enormous preponderance over those 
of other substauces at the base of the chromosphere ; and after this 
comes magnesium, though its atomic weight is much less. Other 
substances have almost disappeared at the epoch of minimum. 
The preponderance of iron, with alternations, of maximaand minima, 
may, according to Prof. Tacchini, serve to explain the parallelism 
between the sun-spot curves and those of terrestrial magnetic 
variations. 

Prof. Tacchini's observations of sun-spots in the first quarter oj^ 
1878 show that the frequency-number has fallen off regularly from 
6*75 in the first quarter of 1877 to 2*50 in the corresponding period 
in 1878, whilst the proportion of days without spots has increased 
from 0*34 to 0*60. Thus we would seem not yet to have reached 
the minimum. In the period from 1878, Feb. 10 to March 2, 
neither spot nor pore was observed, but the granulation was splendid. 
With regard to the prominences, the iiumber is also very small, 
being on the average 2*1 a day, with a mean height of 30". The 
distribution in heliographic latitude shows two maxima in the zones 
30° to 60° N. and S., the numbers for these being 23 and 22 ; whilst 
for the equatoreal zones 0° to SC" they are 5 and 8, and for the 
polar zones 6 and 3. Most of the prominences were faint, with a 
nebulous structure, and no metallic eruptions have been observed, 
with the single exception of a limited metallic spectrum, on 1878, 
March % near some bright chromospheric jets announcing the anival 
of a group of faculee and a small spot, seen the next day. 

* Gomptes BenduB, Vol. Izxzvi. Nob. 12, 16. 
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Observations of Mbrcurt in 1798*. — In his Tables of 
Mercury, Le Verrier has only used meridian observations made 
since 1 800, and it is therefore of interest to see how earlier obser- 
vations are represented. Towards the end of last century Vidal, 
at Mir^foix, observed Mercury with great assiduity, and though he 
only had a telescope of 9\ inches aperture, he succeeded in the 
year 1798 in obtaining 102 meridian observations in ^80 days, the 
planet on one occasion being within a diameter and a half of the 
Sun. These observations, to the number of 100 of the Sun and as 
many of Mercury, M. Bigourdan has reduced and compared with 
Le Verrier s tables. The mean resulting correction in R.A. to the 
Solar Tables is •fO'06, and to those of Mercury -f ©••Ig, the 
extremes being -fO''*? and — O**!!. 

The comparison shows that the tables represent the observations 
fairly, and that Vidal observed with as much precision as could be 
expected with the means at his disposal. 



Cincinnati Observations. — Under the Directorship of Mr. 
Ormond Stone, .517 double stars have been measured with the 
• 1 1-inch refractor of this Observatory during the year ]S77i and the 
results are now published with praiseworthy promptitude* In the 
Introduction is given a careful discussion of Personal Equation both 
in position-angle and distance. The result seems to indicate that 
the error in the former C9^se depends almost entirely upon the 
position of the observer's eyes with reference to the line joining the 
star. Three observers took part in the measures, and the observa- 
tions as printed have been referred to the mean of the three by 
correcting for personal error in both elements. A comparison with 
previous results obtained by various well-known double-star ob« 
servers shows that the distances as measured at Cincinnati are pre- 
sumably free from systematic error, agreeing with the mean values 
for stars which have no sensible orbital motion. ]n conclusion, Mr. 
Ormond Stone gives a list of stars which show a difference of more 
than 3^ in position-angle between the Cincinnati measures and 
former results, with a view to their further observation as sus- 
pected binaries. 



A Minor Planet was discovered on June 26, by Dr. Peters, of 
Clinton, New York. This is the 188th member of the group, and 
the 29th planet discovered by that astronomer. 



Nbw Comet.— Mr. Lewis Swift, of Rochester, U.S., discovered 
at 2 A.M. on July 7, a large faint comet in R.A. 17* 40", N.P.D. 
72°, with a slow motion south-west. It had no tail nor nucleus, 
but a central condensation. 

* Ck>inptM Bendu?, Vol. Izzxvi. No. 16. 
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Tem pel's Periodical Comet. — We learn from a telegram 
received from Admiral Mouchez, of the Paris Observatory, that this 
comet has been detected by M* Tempel at the Arcetri Observatory, 
Dear Florence. It was first seen on July J 9 at 9^ SO*" p.m., its 
observed approximate position at that time being — R.A. 15*^ 17"> 
14.P.D. 94f 1.5'. No mention was made of its intrinsic brightness. 

Capt. Mouchez has been appointed Director of the Paris Ob- 
servatory and promoted to the rank of Admiral, with M. Loewy as 
Sub-director. M. Janssen has succeeded M. Puiseux as member 
of the astronomical section of the Bureau des Longitudes, vacating 
the post of geographer which he previously held. 

Mr. Thornthwaite's < Hints on Reflecting and Refracting 
Telescopes,' of which the third edition has been recently publis^hed, 
contains much useful information on the adjustment of telescopes, a 
matter in which amateurs who observe with reflectors will be 
thankful for some assistance. The small mirror in the Newtonian 
or Cassegrainian is peculiarly liable to derangement, but with the 
help of the hints here given little difficulty will be experienced in 
setting matters right. There are also directions for silvering specula 
and for roughly adjusting an equatoreal, descriptions of various 
forms of cheap mountiugs, and a useful list of test-object*. A 
simple form of Observatory, known as the Romsey, is also fully 
described with illustrations, which will enable any amateur to set 
one up for himself. 

Editor. 



Meteor Notes for August. 

Observations may be made in the mornings of the first ten days 
and resumed in the evenings afrer the 20th. The moon does 
not set till 1^ 14" a.m. on the 10th, and 2** 29"* a.m. on the 
11th, so that we can hardly expect a good view of the Perseids this 
year. The radiant-point was suspected to change its position in 1877 
from 40° +56° on Aug. 3-7, to 50° +55'' on Aug. 12, and to 
60° +59° on Aug. 16. The duration of the shower is uncertain. 
A few meteors fall from the same centre near i; Persei late in August 
and early in September, but they may form a distinct shower or be 
a deflection from the original stream. 

In August we have numerous showers occurring from the east 
and north-eastern constellations, many of them being situated in 
Auriga, Camelopardus, and Perseus. Some of these have been very 
scantily observed hitherto, for they only come well into play after 
midnight, and observers seem to have had their attention mainly 
diverted to the Perseids. We now require observations of the minor 
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systems of the August meteor-epoch ; and as a preliminary' guide to 
some of the most important of these the following may be mentioned 
as having been deduced by the writer from a mass of foreign obser- 
vations. The showers are ail eastward of the Perseids, and the 
dates are from Aug. 6 to Aug. 12 ; the figures in brackets give 
the number of meteors proving each radiant: — 96° +71® (87)^ 
70° +64° (74), 61° +39° (59), 61° +48° (.59), 51° +74° (62), 
78° +56° (59), 76° +45° (43), 50° +47° (42), 92° +57° (42), 
134° +77° (30), 74° +33° (28), 99° +45° (17), 45° +33° (18), 
52° +20° (14). Further west there are avast number of con- 
temporary showen^, prominent among which are the Lacertids with 
a centre at 334° +4^° (and closely bordering shower at 330° +^), 
and the Andromedes I. at 7° +33° (Greg). Last year a strong 
shower of swift meteors with streaks was traced chiefly on Aug. 12 
from 31° +18°. 

Recent Observations, — Mr. E. F. Sawyer, of Boston, Mass., 
observed three stationary meteors in the early part of this year, 
namely (I.) on Jan 25, at 162° +8°, (II.) on Jan. 28 at 119° —6°, 
and (III.) on Feb. 24 at 145° +8°. I. agrees with a shower seen 
by Tupman on Jan. 8-10, 1870, at 165° +4°; II. with one observed 
by the writer in Feb. 1877 at 120° —5° ; and III. with a radiant 
deduced from the Italian observations (1872) at 147" +4° for 
Feb. 1-Mar. 12. III. also nearly coincides in position with a 
stationary meteor observed at 146° +9° on April 3, 18/2, by Signor 
Zona, at Caltanisetta, Italy, and with a rich shower traced by the 
writer on the morning of Dec. 8, 1877, at 143° +7° 

In our July «* Notes" two showers (36° +47° and 12° +70°) 
were mentioned as requiring further observation ; these are now 
well verified. A full examination of the meteor-paths recorded bv 
foreign observers in the mornings of July 25-31 has revealed, 
amongst others, two extremely certain radiant-points, each with 35 
meteors, at:33° +51° and 15° +70°. 

Mr. V. Cornish, of Debenham, Suffolk, writes that in daylight on 
June 29 9** 7", he saw a fine meteor " descending where the sun 
had set not long before." On the same evening at 10^ another was 
seen, brighter than A returns. Its course, as far as could be made 
out, was from midway between Cepheus and Cassiopeia to 5 Lacerts. 
Path about 15°, no train. On June 30 and July 1 several fine 
meteors were seen and described to him by a friend : — 

June 30, 10** 25**,= Altair, midway between Vega and aCoronse. 

June 30, 10^ 30"",= Vega, among clouds at s Cephei. 

July 1, 10^ 1"*,= Vega. A bright star was seen slightly to the 
left of Altai r. It simply shone out and then disappeared without 
perceptible motion. [A stationary Aquilid.'] 

July 1, 10^ 19",=a Cephei. Path curved from /3 to o Cephei. 

On June 24, 12^ 30™,= Jupiter, descending close by ri and a 
Persei. Alt. about 15°. Very short path. 

W. F. Dennikg. 
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n 4 Sat. Oc. D. 




9 18 
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8276 Oc B. 272** 
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0^ 2 Sat. Tr. B. 
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13 4 
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8 II 
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11 57 
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12 193 
21 10*1 
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7986 Oc D. 120® 






n tr. D. 2i*» 10' S. 
T transits. 


ii.W. 




7 49 
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28. W. 


i-i 

1 117 
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$ tr.D. 2 8 S. 


13. P. 


I 


<C Apogee. 



t A near approach. 
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The positions of the Planets are given for intervals of 5 or J days, 
by their Mean Solar Times of Transit and Declinations. To find 
the Approximate R.A., subtract the G.M.T. of transit of r from 
that of the Planet (increased by 24* if necessary), and add 1" 
for every 6* of interval between the two times of transit if t pre- 
cedes, or subtract 1"'0 for every 6* if the Planet precedes, to 
convert the interval of Mean Solar Time into Sidereal Time. The 
result is the Planets R.A. at time of transit. 

For the Occultations of Stars the position-angles of the points of 
dbappearance or reappearance are given after the letters R or D. 
The angles are reckoned round the Moon's limb from n (true) iu 
the direction n,/»ir,/> {i.e. from below towards the right hand, as 
seen in an inverting telescope). Stars from the British Association 
Catalogue are, for economy of space, denoted by their No. simply, 
the letters B.A.C being omitted. Editor. 



Satellites of Saturn. 

Distances of Enceladus, Tethys, Dione, and Rhea from Saturn's 
polar diameter, expressed in semidiameters of the equator. 

— means preceding or west, + following or east. 

When the satellites are •* N," or north of the ring, they move 
apparently from east to west; when they are *' S," or south of the 
ring, they move from west to east. 

12^G.M.T. Eneel. Teth^. Dione. BhM. 

Aug. IS 4-0-5K +4'7 8 — 5'3* — 07 s 

16 +3'9fl — 5'OK -f 6*2 B +8'6b 

17 — r4fi +5*0 N — 2-9H + 3*7 » 

18 — 3*6 N — 4'8 8 — 2-3 s —7'3^ 

19...... +2*3 y +4*5 N +6-0 2f — 6-4B 

20 +3'0 8 — 4-1 8 — 57 isr +4'0 8 

21 -3'i fl +3*4 » +i'5s +8*2 N 

22 —2-2 If —278 +275 — 2*iir 

23 +3'^^ +i'9N —6-38 —8-98 

24 +1*3 8 — i-o s -f-4-8 8 — i-os 

25 —4*0 8 -|-0'I N CO IT +8*5 8 

26 — 0*3 N -|-o'9 8 —4*88 +4'i If 

27 +4-0 8 — i-8w +6*4 8 — 7*1 ir 

28 —078 4-2'6 8 — 37 ir —6-6 8 

29 — 3*8ir -3-4 » -i'5 8 +4'8 8 

30 +17 » +4*o8 +5'^^ -f8-3H 

31 +3'4» —4'S^ — 6'ON — 1-8 If 

Sept. I —2-58 +4*8 8 +2*3 8 -.8'9 8 

2 — 2'8ir — 5«o N -i-2'9N — 1'4 8 

3 +y^^ +5*0 N -6-2 8 +8*4 8 

4 +2-0 8 —4-88 +5-38 +4'4i^ 

5 —378 +4*4 » — 0*9 IT -6*9iT 

6 — I'l IT —3*98 — 4'2 8 — 6'8 8 

7 +4'oif +3'3W +6-4 w +4'5» 



Digitized by 



Google 



1878.] Satellites cf Saturn and Neptune. . 135 

12^G.M.T. 'EnceL Tethjs. Dione. Ahea. 

Sept 8 o-o 8 —2*5 8 — 4*3 N -f-8-4 N 

9 — 4*o N 4-1*6 N — o'5 8 — i'5N 

lO -fl'ON —078 +5'2 N — 8*9N 

II +3*8 8 — 0'2 N — 6-2N —178 

12 — 1'9 8 +I-I8 +3*18 +8-38 

13 —S'S^ -2-ON +2-1 N +47 N 

14 +27 N +2-8 8 —5*98 — 67N 

15 +2-6 8 — 3-6N +5*78 — 7'<5 8 

SetDiBxes of orbits expressed in semidiameter of Saturn's equator. 
Sept. 2. Mi. En. Te. Di. Bh. Ti. lap. 

Major 3' 14 4*03 4*99 6*40 8-93 2071 60*3 

Minor 0*21 0*27 0*34 043 o'6o 1*32 9*4 

Hourly Motion.. i5°-9 ii°-o 8°-o 5°-5 3°' 3 o°-9 o°-2 
lapetus reaches its greatest western elongation on Aug. 14, its 
superior conjunction north of the planet on Sept. 2, and its greatest 
eastern elongation on Sept. 21. A. M. 




The diagram gives the positions of Titan for every 10^ of longi- 
tude in his orbit from conjunction to elongation, and of the five 
inner satellites at elongation and at 20° from conjunction, showing 
the effect of foreshortening about the beginnjng of October. In 
September the rings and orbits are a little more open. By help of 
the diagram it will be. easy to allow for the hourly motion in the 
orbit, and thus to find the approximate places of the satellites at any 
hour, from their positions as given in Mr. Marth's Ephemeris. 
The apparent orbits of all the satellites are of course similar to that 
of Titan. 

Satellite of Neptune. 

Semi-major and minor axes of apparent orbit 16''*7 and 5"% the 
angle of position of the major ax« being 221 ^''G or i-l^S. The 
satellite moves in the direction of decreasing position-angles from 
its<*n./." elongation in position 41^*6 to its superior conjunction in 
position S 1 1°*6, to its '* s. p^ elongation in position 221*6, &c The 
satellite is at of near its greatest elongation on 
Aug. 16 8^ 8.p. Aug. 25 4^ «./. Sept. 2 23^ *./>. Sept 1 1 19^ «. /. 

19 7 n./. es 2 *.p. 5 22 »./. 14 17 «./?. 

22 6*.©. 81 !«./. 8 20«.o. 17 16 n./. 

A, M, 
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Position of the Sun's North Pole. 

Fos.-angle. Dist from limb. 

1878. 01 o » 

Aug. 18 17 19 +6 52 

23 18 53 7 * 

28 20 20 7 10 

Bept. 2 21 38 7 14 

7 " 48 7 15 

12 23 49 +7 »3 

The position-angle is reckoned from n (true) in the direction 
^> /» s, p; the distance is measured from the Sun's limb, in degrees 
of a Solar meridian, the sign + denoting that the North Pole falls 
within the limb or that the Earth's heliographic latitude is north. 









The Moon. 










Gteoc. Libr. 






Gkoo. libr. 


78. 


Bises. 
h m 


at midnight, 
long. lat 



1878. 


Sets, 
h m 


at midnight 
long. lat 



16... 


8 7 


— I'lO 


-5-56 


Sept. I... 


7 55 


+ 5-67 +676 


17... 


8 18 


2-42 


625 


2... 


825 


662 648 


18... 


«33 


367 


667 


3... 


9 6 


7-17 5-«4 


19... 


849 


4-81 


680 


4... 


9 59 


7-31 4-89 


20... 


9 H 


576 


664 


5... 


" 5 


7-IO 371 


21... 


9 47 


646 
685 


616 


6... 


12 19 


6-58 238 


22... 


10 34 


5-36 


7... 


'3 35 


5-80 +0-96 


23... 


II 35 


6*86 


4'i7 


8... 


14 50 


483 -048 


24..- 


12 53 


6-46 


2-90 


9... 


16 2 


372 1-88 


25... 


14 18 


5-64 


-1-32 


10... 




250 319 


26... 


. 


442 


+0-39 


II... 


Full. 


+ 123 4*34 


27... 


New. 


2-86 


2*11 


12... 




— o*o8 5*30 


28... 




-106 


371 


13... 


BiSBB. 


1*40 6*03 


29... 


Sets. 


+0-84 


506 


14... 


6 40 


2*68 6*49 


30... 


7 16 


2-68 


6*05 


15... 


657 


390 6-69 
-5-92 -658 

A. M 


31... 


7 33 


+4-33 


+ 662 


16... 


7 18 















The Planets. 

Mercury is an evening star till Sept. 9, when he is in inferior 
conjunction with the Sun. 

Venus is a morning star, rising between H*" and ISi^. Her disk is 
gibbous, the illuminated portion on Aug. 15 being 0*87S, and on 
Sept 15 0-9S6, and the corresponding diameters 11^*6 and 10^-6. 
She is occulted by the Moon on the morning of Aug. 26 (Aug. 25, 
Sl^ G.M.T.), and the occultation may be seen at places within the 
limiting parallels of 52^ N. and 27^ S. latitude. 

Jupiter is an evening star, retrograding through a small arc about 
5^ south of a and /3 Capricorni. 

Saturn is visible all night, about midway between /9 Geti and y 
Pegasi. The following are the dimensions of the ring : — 

Outer Bing. Inner Bing. BalL 

Maj. Axis. Min. Axis. Maj. Axis. Min. Ajob. Diam. 

Aug. 13 42^-77 $"'35 28''-44 2^-23 17''-2 

Sept. 2 43^-63 2*96 29*01 1' "97 17*5 

The south side is visible, the elevation of the Earth above the 
plane of the rings being 4"^ 30' S. and 3° 54' S. on Aug. 13 and Sept 2 
respectively, and of the Sun 9? 48' and 3^ & S. Editor. 
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THE OBSERVATORY, 

A MONTHLY REVIEW OF ASTEONOMY. 

No. 17. SEPTEMBER 1. 1878. 

Researches on the Parallaw of 61 {A) Cygni. 

On the 22iid of August^ ]868» my predecessor. Dr. BrUnnow, com- 
menced a series of observations on the difference of declination 
between 61 (B) Cygni and a star of the 9~*10 mag. which follows in 
51*5 sees, at a distance which was then KAf* to Sie north. These 
observations were repeated occasionally by Dr. Brunnow, and the 
last on record was made on 24>th May, 1873. There are altogether 
twenty determinations of the difference of declination between the 
two dates I have mentioned. 

After I had had some practice in the use of the South Equatorial, 
I recommenced the series of observations on the differences of decli* 
nation between 61 Cygni and the following star which Dr. Briinnow 
employed. But there is an important difference between my obser- 
vations as here recorded and those of Dr. Briinnow, to which I 
have already referred. In the latter case the following component 
of 61 Cygni was used, while in my observations the preceding com- 
ponent was employed. It will naturally be asked why I did not 
use the same component as Dr. Briinnow had done> and thus render 
the two sets of observations directly comparable. I must confess 
that, in the first instance, this was due to an inadvertence on my part. ' 
I was at first under the impression that Dr. Briinnow had used the 
preceding star, and under this impression I commenced my work. 
It was not until I had made a large number of observations that I 
became aware the component I was using was not the same as that 
which Dr. Brunnow employed ; and when this discovery was made, 
the question arose as to the best course to be adopted. I was 
reluctant to discard the work I had done and recommence anew 
with the other component ; and therefore I resolved to complete the 
series of measurements which I bad commenced, and thus in the 
first instance to seek for the parallax from my own observations 
alone* At the same time I decided to commence as soon as pos« 
sible another series of observations which would be strictly in con* 
tinuation with Dr. Brunnow's work. 

VOL. II. I* 
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188 Parallax qf 61 {A) Cygm. [No. 17. 

To this course I was led by some other coiisideratioDs. In the 
researches of Stnive on the parallax of this star he employed the 
following star, as Dr. Brunnow had done. It, however^ appeared 
to me that on this very account a determination of the parallax in 
which the preceding star was used would be, if successful, of very 
considerable interest. I was also influenced by the reflection that 
as this was the first work of the kind in which I had engaged, I was 
glad to have an opportunity of the practice which it afforded before 
I commenced a series of measures which were to be amalgamated 
with those obtained by the mature skill of my predecessor. 

I have to regret that, principally owing to the exceedingly bad 
weather which prevailed here last winter (1877-78), the number of 
observations is not so large as I would have wished. I have alto- 
gether S6 equations of condition for the determination of the four 
unknown quantities, on which the apparent difference of declinations 
depends. These contain the results of observations made on S5 
different nights, which are only tolerably well distributed over the 
twelve months during which the observations extended. 1 have 
sought to increase the degree of confidence to which the result I 
have attained may be entitled, by taking an unusually large number 
of observations on each occasion. The method of observing which 
have used is almost identical with that employed by Dr. Briinnow 
in his researches on the parallax of 61 v Draconis. A complete 
observation of the difiterence of decUnation is the mean of eight 
independent determinations. 

The observations were first cleared from refraction by the ap- 
plication of the correction 

+ADco9ec*(^-fiii), 
where D is the apparent difference of declination, I is the declina- 
tion, Jc the coefficient of refraction given by Bessel, and m is taken 
from Bessel's Table, < Astr. Unt.' Bd. L p. 198, constructed for the 
latitude of Duusink (53'' 23' l^"). 

To clear the observations from the effects of precession, aberration, 
and nutation, and bring them to the date 1878*0, Uie following cor- 
rection is applied : — 

+ 6-05266(1878-0 
+ [6-3089] t 
— [6-41S7]Acos(H-|-a) 
+ [7-5735]^ sin (G+ a) 
+ [7-3643] A sin (H+a), 

where t, A, ^, H, 6 are the well-known constants in the Nautical 
Almanac. 

In order at once to free the observations from the grosser part of 
the effects of proper motion, I have assumed that the comparison 
star is at rest, and that 61 (A) Cygni has the annual proper motion 
assigned to it by Argelander, viz. 

+S**232. 
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When all these corrections have been applied, the following results 
areebtuned: — 



1877, Jttly 3 66*879 

6 66-899 

19 66739 

22 66*927 

24 66*902 

Aug. 4 166*798 



Sept. 



12. 

31. 

3- 

21. 

27. 



66867 
66-959 
66-695 
66*942 
66*901 

Oct. 1 66*888 

8 67-304 

16 67*013 

23 67*195 

25 67'02i 

29 67*369 

Nov. 2 67*300 



1877, Nov. 13 67*344 

Dec. 13 67*701 

14 67-474 

17 67*482 

19 67*326 

29 67*350 

30 67*553 

1878, Jan. 31 67-659 

Mar. 24 67*273 

24 67*433 

31 67*252 

Apr. 1 67*001 

17 67*224 

24 67*161 

27 66-852 

May 18 66*851 

28 66-688 

June 1 67*341 



Assuming that the true mean value of the difference of declinations 
is ST^'lSO+a?, that the true relative proper motion of 61 (A) and 
the comparison star is S''*232-|-a7'y that cj is the annual parallax, and 
that Jc is the difference in the coefficients of aberration, then we 
have 36 equations of condition, which, being solved in the usual 
manner, give : — 



a? = + 0-0274. 
ajf^ -0-0943 
«r = + 0*4654. 
;t = + 0*0830 



±0-0210 
±0*1218 
±0*0497 
■f 0*0493 



I subjoin the various determinations of the parallax of 61 Cygni 
which have been hitherto given (see Auwers, 'Abhandlungen der 
Akadepaie su Berlin,' 1868): — 

Bessel, first fourteen months 0*357 

Bessel, last three months, and Schliiter 0*536 

Johnson, first eleven months 0*526 

Johnson, last seven months 0*192 

Struve 0-511 

Auwers 0*564 

To these should be added the result obtained by Peters from 
zenith-dbtance observations — 

Petcr» 0"-349 

Robert S. Ball. 
l2 
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Binary Stars. — Part II. 

Gasparis oomputeB the proportions between the radii vectores 
from the areas of the triangles between the distances in the apparent 
orbit Four places would suffice forthis; but he makes use of six 
in order to correct as far as possible the errors of the places read off 
on the interpolating curves. 

Villarceau, the great French astronomer, has invented several 
methods for determination of double-star orbits. The most charac- 
teristic of them is formed in analogy with Laplace's method of de- 
termining the orbit of a body belonging to the Solar system from 
the three coordinates of a point in the orbit and their differential 
coefficients of the first order. For investigation of binary stars we 
require the angle and distance given for a certain epoch together 
with the differential coefficients of the angle up to the fifth order. 
The differential coefficients of the distance are easily obtained from 
those belonging to the angle, but the latter must be determined by 
Cauchy's formula for interpolation. The use of this formula is, 
however, objectionable ; and Villarceau's researches on binary stars 
have not been much referred to outside of France. 

Klinkerfues also determines at once the elements of the real orbit 

without a previous investigation of the apparent orbit. His first 

method starts from the polar equation of the ellipse. From ^ve 

such equations two of the constants a and b are determined, and 

r r 

then ^ and ^ rom three equations. From these proportions, toge- 

ther with the angles and distances, the three radii vectores and node 
and inclination are obtained. When next the parameter is computed, 
a and h supply the excentridty and the longitude of the perihelion. 
The formuls for finding a and h are very complicated. The method 
in this form supposes five complete observations to be available ; but 
Klinkerfues has adapted it to the case where, besides three observa- 
tions, the value of k is known. He then interpolates the distances p^ 
and p^ belonging to the angles 6^= iiO^-\-e^) and 0^^i(e^+dj^) by aid 
of the formula given bv Cotes for mechanical quadrature, and which 
is referred to in Gauss s * Theoria Motus/ and he shows how to im- 
prove the accuracy of these distances by degrees so as to represent 
the given value of A. This latter way may be followed when the 
arc described is small. 

If a greater part of the orbit has been described, and if the ex- 
centridty is not too large Thiele proposes to put d^^O^^ 180^ and 
O^sssO^+lSO^; but he prefers to introduce a sixth distance and put 

e,=o,+i8o% 6.=6,-i-i8o^ e,«e,+i8o°. 

If a and b have been computed from Klinkerfues's formulas, we 
find the corresponding distances by aid of the following equations ; 
but if these distances are known with sufficient approximation we 
can find a and 6 from the same equations, in which latter case the 
third equation ia a condition that must be satisfied : — 
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9i Pi 

~ = - + acoBd^+b sin 63, 

P5 Pa 

— =s - + a cos 0,+6 sin 0,, 
^« Ps 
We can then solve the following equations : — 

Q 

(c+«)4.(c-e)coft26i+ ds\n2e^+ — =0, 

PiPa 

(c4.«)+(c— c) cos^d^-frfsin 26„-|- — = 0, 

PJP5 

(c+«)+(c-«) cos26,4-rf8in 2^ + — «o. 

Ptp9 
We have now the constants of the equation of the apparent 
ellipse — 

1 +ax+hff+cx^+day-\-ey^^O, 

from which the elements of either the apparent or (directly) the 
real orbit are obtained. 

In Klinkerfues's first method either the distances are supposed to 
be known for three or more epochs, or recourse is had to differen- 
tial coefficients of the angles. It is, however, inconvenient to go 
through complicated calculations on data so uncertain, and it was 
therefore no doubt a great step forward when Klinkerfues discovered 
his second method, by which the elements of the real orbit are com- 
puted solely from the angles. Besides, the application of this 
method is easier than any other. As the apparent orbit is the or- 
thogonal projection of the real orbit, the areas in one are propor- 
tional to those in the other. We have in consequence : — 

pp^ sin (0 — Oi) _ rr^ sin (v— v,) ' 

and ). . . . (1) 

pp^ sin (0-0,) ^ rr^ sin (v-v,) 

P1P5 »»n (^6 - ^a) »•/•• 8>n ("» - v,)> 
From these we get by division : — 

sin K~v) sin K-V5) - »'P (^,-0) 8'» (Og-O.) fo\ 
sin (v,-v) sin (v^-v,) sin {0^-0) sin (O^-Oj' ' ^ ^ 

When six position-angles are known, we may find e, P, and T 
from three such equations by trial. When two complete observa- 
tions and three angles besides are known, we find these elements 
from one equation like (2) and two of the same form as ( 1 ) ; and 
when three complete observations are given and one angle is known 
besides, we find them from one equation like (2) and two equations 
of the same form as (1). 
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When the inclination happens to be about ninety degrees, the 
orbit cannot be determined from six angles, because then all the 
observed angles are nearly equal to, or half a circumference different 
from, the longitude of the node. Klinkerfues has therefore adapted 
his third method to this case* It is convenient for calculation of the 
elements from three complete observations, and an angle of position 
or a distance, and only two quantities (the position of the perihelion 
and an excentric anomaly) have to be found by trial, instead of three 
as in the second method. The formulae are developed by consider- 
ing the oblique system of coordinates, whose axes are the projection 
of major and minor axes of the real orbit. 

I have preferred to treat the case where the elements are to be 
determined from five epochs, in analogy with Klinkerfues's methods, 
as it is better to represent the epochs corresponding to the five po- 
sition-angles exactly than to reject these for the sake of the'observed 

distances. The proportion, e ss ^ of two dbtances for modem 

epochs complete the data required, when the axis major is subse- 
quently computed. But often it is better not to represent this pro- 
portion exactly, in order to allow one or more of the three other dis- 
tances to be approximately computed. From the tables referred to 
above, we obtain the functiony(£)ssE— sin £ from the mean ano- 
maly ; and the equations (1 ) may then be written : — 

yrE,~E,)-hM,-M, _ sin(e,^6,) 

yrE,^EJ+M,-M, _ sin (6,-0,) 
y(E,-E.)+M,-M. 8in(e^,-e,y 

y(E,-E,)+M,-M, ^ ^ sin (0,-0, ) 
y(E,-EJ+xM,-M, sin (0,-0,)' 

The elements should be calculated with two different values of 
c, a near approximation to the value of which may often be gained 
from Dembowski's measures. The distances published by other 
observers will indicate how much to alter it to either side. When 
e, P, and T have been determined for c^ and e^ we can compute 
P3, p^, and p,, without knowledge of the other elements, and their 
comparison with measured distances will serve as a guide in the in- 
terpolation between c^ and c,, that is between the two orbits: 

p,^ sin E3 sin (0,— A) 
pj sin Ej sin (0, — A/ 

P* f- ^'° ^* *'° (^i""^) 
pj sin Ej sin (0^ — A)' 

p, ^ sin Eg sin (Oi — A) 
p^ sin Ej sin (0, — A)' 
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After eomputing the rectiuigular coordinates, 

tessp cos and y sp sin Bf 
we have 

tan A - yi8'"Ea-ya"PE i 
dP^sinEa—dPaSiD Ei* 

tan B - yi(cQ«E,-g)-y,(co8E,-e) 
d?i(cos E, — c) — d;,(co8 Ej - e) 

When the ihree elements have been definitively determined, we 
find the remaining ones just as in Herschel's method : — 

, . sin (B-a,) 

^g°^°^i 8in(6,-A y 

tan (A+B-2a):=cos 2^ tan (B— A), 

cos y= >i/ - tan (A - O) tan (B— O), 

V tan (B-O) 
It musty however, be kept in mind that the last-mentioned ana- 
lytical processes presuppose a near approximation to have been 
attained by graphical methods ; but when these have been success- 
fully follow^ up, we may directly form equations of condition for 
correction of the elements. To correct all the elements simulta- 
neously by differential formulas is hardly ever possible, and even 
then troublesome. This method is occasionally followed when the 
investigator employs mechanical computers to carry out his direc- 
tions, but it necessitates a number of repeated solutions of the equa- 
tions. It is better to correct the different elements by degrees. 
Thus Klinkerfues's methods of correcting first the phoronomical 
and afterwards the geometrical elements have proved very efiicient. 
I have found that the elements can be corrected in all cases with 
comparatively small trouble by variation of the epoch and period. 
Variation of the plane of the orbit is also useful in many cases, and 
gives occasion to a number of different processes, as I have explained 
elsewhere. That orbits may be corrected by variation of dis- 
tances has been referred to above ; but I shall here only explain the 
manner in which P and T are most simply varied. Of course any 
alteration of the value of the excentricity gives rise to more lengthy 
computation than alteration of the other elements, and it is there- 
fore important to see that this alteration is carried out as simply as 
possible. With the approximate T, P, and e, I compute true ano- 
malies corresponding to the epochs of the normal places, and obtain 
by the method of least squares corrections to be applied to the three 
other elements. With their new values I compute from the observed 
angles the true anomalies, and from these, with different values of 
the excentricity, the mean anomalies. From each of these different 
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series of mean anomalies I next obtain T and P ; and by a conside- 
ration of the outstanding errors of the mean anomalies, I interpo- 
late a more correct value of ^ and thence obtain T and P. The 
two latter elements are now successively altered, and with the last 
value of e three series of true anomalies are calculated, from each 
of which, by equations of condition, Q, X, and y are found by the 
method of least squares. From the then outstanding errors the 
differential coefficients of the angles with respect to T and P are 
obtained, and these two elements found by equations of condition, 
and then Q, X, and y by interpolation* Should the representation 
of the observations still be unsatisfactory, equations may easily be 
formed for correction of the three latter elements, together with the 
ezcentricity. W. Doberck. 

[To be continued.] 



On the Daylight Correction of the Cottimation of Reversible 
Instruments by the use of Distant Scales of Inches. 

In equatorial telescopes, but especially in Newtonians, the ad- 
justment of the reflecting surfaces frequently introduces a consider- 
able and therefore inconvenient amount of collimation error. 

In transit instruments the error is comparatively small, and solar 
or stellar observations are the usual means of correction, provided 
the clock rate is trustworthy. Of course N and S piers mounted 
with truly adjusted collimating telescopes are superior to all other 
means of correction ; but these are not in general within the means 
of ordinary amateur observers. The Bohnenberger eyepiece is 
another auxiliary. 

I propose here to describe a method which I believe to be new» 
and one I have had in use now for some time. 

1. The Equatorial adjustment (f ColUnuUion. — The essential 
principle is, in the first place, the measurement of the throw of the 
instrument when the axis of vision is placed in the meridian, facing 
alternately east and west in the reversed positions. 

The readiest method, though less accurate, of determining the 
throw T is to use a horizontal scale mounted in the observatory so 
that the positions of the centre of the object-glass in the two cases 
can be marked with a pencil, or by the use of a finely pointed 
plumb-bob, when by the hour-circle the instrument reads XII. and 
XXIV. In this case the declination axis can only be horizontal in 
the two positions, provided the polar axis is perfectly at right angles 
to the declination axis — an adjustment tested most readily when the 
collimation is corrected, by observing the pole star six hours before 
or after transit. 

In my own 8-feet equatorial. I measured the throw as 25*99 inches 
trigonometrical ly, and 26 inches by the mechanical use of plumb- 
lines or a fixed scale applied to the telescope ends in the £. and W. 
positions. As the whole thing depends upon an accurate measure- 
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ment of the throw T, I shall now describe next the trigonometrical 
measurement of the throw. 

I erected on a strong frame, D» well strutted, a plumb-line made 
of strong black linen thread (this should be well waxed with <* heel- 
ball"). Another more distant erection, cariying an inch scale 
placed horizontally and at right angles to the fine of sight, served 
to measure the parallax caused by the reversed positions of the in« 
strument used to view the vertical thread at D. A diagram, per* 
haps, will render it clearer, the angle at D being very small. 




Similar triangles with bases T and S are formed. Then if the 
scale S is parallel to the line of throw T, and the vertical thread D is 
distant 90 yards from T, and D 66 distant from S, the dbtant inch 
scale, we have — 

66 : 90 : : S : T, or T=||^ S=|f S. 

It will be noticed that in this case the thread at D and the scale 
S, 66 yards further off, must be in the same field of view. In order 
to bring them both into distinct vision at the same instant the aper- 
ture of the object-glass must be contracted to a truly vertical one 
about half an inch broad. The exact readings of the scale by the 
black thread can then be taken to determine the throw T from the 
equation 

_ Di8t. of D from telescope g 

This value will serve to correct the one formerly obtained. 

Having thus obtained T, the observer now knows the exact 
distance along the scale upon which the axis of the telescope will 
be found to be displaced by being meridionally placed alternately 
in the reversed positions of the declination-circle facing east and 
west Should the hour circle be depended upon and be made to 
read XII. and XXIV. alternately, the collimation will be adjusted 
provided on the distant scale the difference of the readings by means 
of a spider line be exactly the same as the ascertained throw of the 
instrument. 

But if the axes of the declination and hour-circles be not 
perpendicular, a considerable error is here introduced by depending 
on the hour-circle. In that case I use a revolving level or apply a 
level to the uncovered declination bearings. But superior to this 
method is the use of two parallel scales of inches placed at S and 
D ; and in this case much less distant scales can be employed. 

Let S,, S3 be two parallel inch-divided scales at some distance, S, 
being at half the distance of S^ we will suppose. Place the telescope 
on the most distant, with the hour-circle at XII., and by mean* of 
the spider line read both scales. Now reverse the instrument and 
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move the hour-circle until the spider line reads exactly the differ- 
ential amount T; then, provided the vertical slit aperture be used, the 
near scale (without altering the focus) should read precisely the same 
differential amount The parallelism of the two positions of the 
line of collimation will then be perfectly demonstrated, whilst the 
perpendicular error will be^ displayed by the reading XXiy.+ or—* 

In one case I erected a beautiful brass scale by Harris divided 
into fiftieths of an inch, the divisions on which were distinctly 
visible at thirty yards distance* It is immaterial whether the near 
scale or the more distant one be first focussed upon. Practically I 
found two vertical black lines drawn on a White board exactly 26 
inches apart a capital base of comparison. Two Vertical threads of 
wire fixed on a franofe separated by the interval T would be a more 
elegant apparatus. 

2. ColUmation of TramU Iiisirument--^Otk reversing this instru- 
ment in its V*s, there is possibly no appreciable displacement of the 
central position of the telescope, or, in other words, no throw to be 
measured. The test thread D, already described, however, at once 
sets the matter at rest. If there be no appreciable difference, then a 
very near scale of inches, and a vertical slit placed precisely central 
over the object-glass, will enable the observer to investigate the 
ihrow, if any, and its parallax depicted upon the distant scale by 
the method already described. 

The throw or parallax thus obtained will serve to adjust the 
central spider line upon a scale not many yards distant, in the re- 
versed position of the instrument, taking the mean reading. 

It is plain that upon a heavenly body, or upon a very distant 
object, a small amount of throw or excentricity would be inappre- 
ciable ; but when the instrument is used upon a near test object 
this must not be neglected. 

When skies are thick with clouds and even sunshine obliterated^ 
the regulation of the collimation and meridian of instruments by 
solidly fixed distant scales becomes an economical and consolatory 
use of dull weather. G. W. Royston-Pioott. 



Double-star Measuremeni. 

"The Babjeot has already proved so eztensiTe, and still promiees so rich a 
haryeflt to uose who are InoJined to be diligent in the pursuit, that I cannot 
help inviting every lover of astronomy to join with me in observations that 
must ineviti3>ly lead to new disooyeries."— 5«r William ffencM, 

The rich harvest of discoveries and valuable results foretold by 
Herschel in 1782 has been abundantly reaped. The great observer 
himself gathered no small share when his measures led him to 
the discovery of binary systems among the stars that gem the 
midnight sky. His distinguished son. South, Struve, Dawes, 
Smyth, O. Struve, Madler, and others, who in turn took up this 
fascinating study, left behind them vast collections of measures of 
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the sygteiDS Sir William watched with such pleasure and care. Still 
small indeed was the number of amateur astronomers who, at the 
close of the last century and during the first quarter of the present, 
could respond to the noble appeal of the father of double-star 
astronomy. Even H,, South, Struve, Dawes, and Smyth, for many 
years the only systematic workers in the new field, were far from 
being splendidly eauipped : the refractors used by H, and South 
had apertures of S| and 5 in. ; Dawes's first instrument was a Dol- 
lond refractor of 3| in., and that which for so many years did such 
excellent work in the hands of Dembowski was a dialyte by PlOssl 
of 5 in. aperture. Moreover, not one of these observers had a 
driving-dock. 

Great indeed is the contrast between the England of 1820 and of 
to-day in these respects. Equatorial refractors of from 4 to 6 or 7 
inches aperture and reflectors of considerable power are now scat- 
tered broadcast in England and in the United States ; vast collec- 
tions of measures and a large number of orbits of binary stars are 
readily accessible ; facilities for rapid intercommunication among 
the workers in any field of research are greatly increased ; to say 
nothing of the stimulus given to the study by the noble devotion of 
wealth on the part of several private gentlemen to the establishment 
and maintenance of private observatories for the prosecution of 
double-star investigations. Nor must it be forgotten that several 
public observatories have found time to pay considerable attention 
to this subject : notably has this been the case at the Poulkova 
Observatory, where the distinguished director, son of the illustrious 
Struve, has for forty years carried on his double star-measures and 
investigations with eminent success. Mr. Ormond Stone, director 
of the Cincinnati Observatory, and his assistants have for some 
years been working with great spirit and care, especially among 
southern double stars. In the southern hemisphere, too, there are 
pleasing signs of activity. 

Such considerations as these have induced us to invite amateurs 
who are desirous of doing some useful work to contribute their 
mite of observations to the rich treasures already gathered. How 
peculiarly double-star measurement is suited to the ordinary optical 
equipment and general circumstances of amateurs is sufiiciently 
obvious. An equatorially mounted telescope of from 4 to 7 Inches' 
aperture, provided with a fairly good micrometer and small brass 
setting-circles roughly divided — this is all that is necessary. A 
driving-clock b not at all necessary * ; it does, of course, add very 
greatly to the comfort and ease of the observer, and in the case of 
▼ery difiicult objects it becomes almost necessary. Then as to the 
long night watches of the meridian and professional observer ; of 
these the amateur, already weary with the labours of the day, need 

* On this point H, wrote in 1824 :•— *<Thit, though rather diiBcult at flnt, 
beoomes eas^ by a little praotioe ; and even in unfaTOuraUe podtionB, the e£Feot 
of the earths diurnal motion may be almost exactly neutralised with a tittle 
management," 
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know little or nothing. All bright pairs are best and most eanty 
measured in full sunlight or strong twilight ; and there are many 
faint companions of bright stars which may be readily seen and 
measured soon after sunset with an aperture of from 7 to 9 inches. 
Lastly, this class of work does not require uninterrupted attention. 
Sets of good measures taken on any night have their full value 
independently of any future sets ; indeed it is not good to take a 
large number of measures of any one object under ordinary 
conditions of atmosphere; it is better to take a moderate number 
on each of two or more nights. 

And as regards books, Mr. Webb*s < Celestial Objects for Com- 
mon Telescopes' and the < Nautical Almanac' will supply the list 
of objects and general guidance which will be necessary for a good 
start. The subjoined list of important objects is offered as additional 
aid to the beginner. 

The following short hints may be of service : — 

1 . Observe all bright stars in full day or strong twilight 

2. Attempt such objects only as are fairly within the optical 
power at command. 

3. A few measures of any star on each of two average nights 
are better than many on one. 

4. Take at least two double measures of distance and three of 
position. 

5. Enter all observations fully at the time, adding remarks freely, 
and also a rough diagram in doubtful cases. 

Any carefully made measures will be gladly received by the 
Editor, or by Mr. J. M . Wilson of the Eugby Observatory, or Mr. 
J. Gledhill of Mr. Edward Crossley's Observatory, Bermerside, 
Halifax. 

List of Objects for September. 

S 2272 (Hj, IL 4 ; 70 Ophiuchi). 
R.A. (1880) 17^59°*4., Dec. (1880) 2^ 32^^ 

A very fine binary, usually called 70 p Ophiuchi. The p first 
appears in Flamsteed's MS. either by mistake or for some temporary 
purpose. Magnitudes 4*1, 6*1 ; colours. A yellow, B purple. The 
annual proper motion is +0"*216 in R.A., and + r'-07 in N.P.D. 
• M. Schur's elemento are as follows :—r= 1 808*79. w=155''7> 
8 = 125-4 (eq. 1850-0), ts=5r^9, c=0-49H9, ^=-S°-8l4«, a =» 
4"-704. Period 94-87 years. (See 'Astr. Nachr.' vol. Ixxi. 1868> 

Encke's period was 72(-76 years; Sir John Herschel's 80*84 
years; Madler's 80*6 1 years; Jacob's 87*52 years; Hind's 88*48 
years. 

Some recent measures : — 



i373'Si 


88*8 


3-89 


Dembowski. 


•57 


88*6 


4*01 


Wilson and Seabroke, 


1874-12 


88-s 


3-91 


Gledhill. 


•56 


86-1 


3-67 


Dembowski. 
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1875-52 


837 


3-48 


Dembowski. 


1876-62 


8i-5 


315 


Dun#r. 


1877-52 


77-6, 


3-47 


Doberck. 


.69 


76-9 


3-" 


Dembowski. 



OS 342. 
R.A. (1880) 18** l"-6, Dec 9\S3'. N. 
This is 72 Ophiuchi. It was measured by 02 in 1842, by Madler 
in 1847) and Seechi in 1857 ; but Dawes and OS failed to see the 
companion in 1848» I850» and 1854; De.y W. and S., GL and Sp. 
have examined it since 1860 with the same result 
Magnitudes 4, 8. 

S 2281 (H„ I. 87 ; 73 Ophiuchi). 
R.A. (1880) 18'* 3"-6, Dec. (1880) 3*^ 58' N. 
A binary system: very' difficult in 1783 ; very slight change in 
the angle since 1841 : the distance seems to be diminishing slowly. 
Magnitudes 5*7> 7*2. Colours white. 
Recent measures : — 



iSyi'oy 


253-9 


©•92 


Dun^r. 


2-95 


254-4 


1-30 


Wilson and Seabroke. 


474 


254-4 


ro6 


GledhiU. 


6-6i 


250-0 


1-03 


n 



S 2382r=4 LyrsB. 
R.A. (1880) 18^* 40°»-4, Dec. (1880) 39*^ 33' N. 
Magnitudes 4*6, 6'3. Goloursy A greenish white ; B bluish white. 
Recent measures :— 

O «i 

1876-59 17-4 3*22 Wilson and Seabroke. 
7-43 i5'3 3-24 »> 

2 2383=5 Lyne. 
R.A. (1880) 18"* 40»-4, Dec. (1880) 39° 29 N. 
Magnitudes 4-9» 5*2. Colours very white. 
Recent measures : — 

O II 

1876*59 139*4 2*62 Wilson and Seabroke. 
7*43 137-3 2-35 Doberck. 

The common proper motion of this quaternary system is probably 
about -0»002 in R.A. and — 0*'09 in N.P.D. 

S 2434 (Hp IV. 127). 
R.A. (1880) 18*» 5&^% Dec. (1880) O"" 53' S. 
AB. The motion is probably rectilinear. In BC we have a 
physical system in retrograde angular motion. 
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Magnitudes, A 7'9» B 8*4» C 10*3. Colours white. 

O II 

AB. 1877*76 132*8 23*89 FlammarioD. 

BG. 1873*55 ^7'5 ''^9 Wilson and Seabroke. 

S 2579 (^ Cygni ; H,. I. 94). 
R.A. (1880) 19** 41»*2, Dec. (1880) 44** SO' N. 

Discovered by H^ in 178S ; the companion became invisible to 
that eminent observer soon after, and was not seen again till 1826, 
when 2 detected it with ease. The companion reached its mini- 
mum distance about 1855 and was lost in the rays of the principal 
star. Hind and Behrmann have given the period as 178 and 280 
years respectively. The formulae deduced by Dr. Doberck are: — 

e= i2°*48— 1^*402 (r— 1850) +o***ooo6 (r— 1850)", 
p= i**64— o**oo67(r— 1850). 

Magnitudes 3, 8. Colours, A greenish, B ash. The magnitude 
of B has been variously estimated from the 7th to the 9th, and the 
colour also appears to be variable. 

Recent measures : — 



1 875-02 


335-3 


i-6o 


Dembowski. 


5-69 


336-5 


1-52 


Dun6r. 


7-94 


3263 


I-7S 


DembowskL 



S 2725. 
R.A. (1880) 20»» 40»*6, Dec. (1880) 15*^28' N. 

' A binary ; motion direct. 
Magnitudes 7*3, 8. Colours, A white, B ash. 
Recent measures :— 

O II 

1877*82 0*9 4*8 Flamraarion. 

•69 358*6 5*o Doberck. 

S 2727 (y Delphini ; H„ III. 10). 
R.A. (1880) 20*» 41°>-8, Dec (1880) 15** 42' N. 

A beautiful physical pair. 

Magnitudes 4, 5* Colours, A orange, B bluish green ; variable. 
The common proper motion is — 0^*004 in R.A. and + O^'ld in 
N.P.D. 

Recent measures : — 

1877*82 27o***8 ii''*25 Flammarion. 
Subjoined are a few pairs, most of them in all probability physical, 
deserving of occasional careful measurement :— - 
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Vanw. 


R.A. 


Peo. 


An^ Diit. 


Data. 


Obaerren. 


Mag. 




h m 


1 


M 


1800+ 






22389 


18 4-8 


+ 16 27 


234-9 1-36 


76-58 


W.*S. 


6. 7-1 


22298 


8-8 


+41 21 


178-4 ... 


5-62 


99 


8-5. 9-7 


22303 


136 


- 8 3 


227-0 [3'±] 58-60 


Mo. 


6-7, 9-2 


22310 


15-6 


+22 45 


2377 5'24 


74-85 


Gl. 


7. 10-3 


S23IS 


20*2 


+ 27 19 


247-0 0-38 


5-90 


Sp. 


7, 8 


02 358 


30-5 


+ 16 54 


202-1 1-73 


6-59 


_i» 


6-8, 7-2 


«Lyr« 


329 


+38 41 


155-1 48-14 


7-00 


FL 


I, 10-5 


22384 


38-4 


+67 I 


single 


65-41 


Dc. 


8, 8-5 


S2437 


56-6 


+ 19 


68-0 0-8 


76-52 


W.&S. 


7-8,8 


22454 


19 1-5 


+30 15 


^32-4 0-8 


•63 


» 


8, 9-2 


5 2455 


1-8 


+21 59 


104-8 3-5 


5-61 


Sp. 


7-2, 8-3 


22481 


71 


+3836 


225-6 3*9 


6-75 


Du. 


8, 8 


22576 


41 -o 


+33 20 


304-5 yz 


7-64 


Fl. 


7-8, 7-8 


02 387 


44'3 


+35 


23-2 0-4 


5-57 


Sp. 


7-2, 8-2 


22596 


48-5 


+ 14 58 


343-4 2-0 


6452 


De. 


7-2, 8-6 


22603 


486 


+69 58 


360-9 3-15 


74-84 


Gl. 


4, 7-6 










Joseph Glbdrill. 



Lockyer^s ' Star-gazing ^"^^ 

Book 1. The Pre-Telescopic Age. 
2. The Telescope. 
8. Time and Space-measures. 

4. Modern Meridional Observations. 

5. The Equatorial. 

6. Astronomical Physics. 

Ths above table of contents is enough to show that the title of this 
book is very inadequate. *< Star-gazing " is a proverbial expression 
akin to " wool-gathering ; " but the book is better than its title. 

There is a satirical photograph doing duty as frontispiece, hardly 
of happy augury, representing the most magnificent, but most idle, 
of British telescopes. 

Probably a certain degree of childlike enthusiasm is necessary, 
or no astronomical work would ever be done. Astronomical ope- 
rations are so protracted, and generally affofd such ceaseless and 
depressing failures, that an extraordinary temperament is necessary 
to give any chance of success in them. 

1 imagine that few astronomers have worked harder than Mr. 
Lockyer ; yet he retains something of the faith of a child in his in- 
struments, and all a child's enchantment with their performances. 
He thinks they are truly wonderful, and expects you to think so too; 

.* 'Star-gasiiiff,PtetandPr«Nnt»' by J. Norman Lookyer, F.B.8. lisomil- 
la& and Co., 1878. 
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and he stands up to unfold their mysteries with all the airs of a 
magician. 

My own impression is that, if you want to get a truly sickening 
sense of human fallibility, and of the hopelessness of human en- 
deavour, jou have only to make yourself thoroughly familiar with 
an astronomical instrument To satisfy yourself on this point, and 
to escape the miseries that would fill your first few years of expe- 
rience, you should read a little practical astronomy, such, for in- 
stance, as Mr. Gill on the Heliometer, in Lord Lindsay's Transit- 
of- Venus book*, or Captain Tupman on the photographs of the 
same transit. 

What is called '^popular astronomy ** is of course a subject of 
the most attractive kind, and admirably adapted to make a selling- 
book; accordingly it has been tried by many writers who work 
chiefly with the scissors, and in our own day the crop of these books 
reminds one of the tares that the Devil sowed among the wheat 

There are writers who strut up and down the universe talking of 
''my Sun" and ''my Moon" (meaning their own pitiful twaddle con- 
cerning those luminaries), as if all that is known about them was dis- 
covert exclusively by themselves, the fact all the while being that 
they could hardly see a haystack if it stood in their way, or, if they did 
see it, would not know whether it was not the great nebula in Orion. 
This is the stuff with which the " general reader ** of our day is 
wont to feed his hungry soul in his " leisure hours." Mr. Lockyer's 
book is of quite another sort ; its purpose and scope are to explain 
the structure and use of the instruments, machines, and appliances 
which have served to develop the science of astronomy, and on 
which our hopes of its progress depend. This is rather a large 
purpose, and requires a good store of knowledge : rather a wide 
scope, for it sets out to teach not only facts but methods of work 
and what tools are available. 

The materials for the book are vast and magnificent, and these 
nmteriab have long lain in a confused heap. We live in an age 
the most fertile in resource that the world has seen, and the inven- 
tions which now engross our attention threaten to become so com- 
plex that the beginner will have little prospect of getting to appre- 
ciate them unless the obscurity that surrounds their origin is 
cleared away for him by something like a consecutive history ; and 
for this purpose we require a teacher who possesses two principal 
qualifications— practickl knowledge and a habit of stating things 
very plainly, — so that matters which are already excessively com- 
plicated may not be hampered by a dry and difficult style of ex- 
pression. Both these qualifications are possessed by the present 
writer in an unusual degree. The reader will not have to waste 
any of his time trying to make out what he means ; and this I take 
to be a merit of no small magnitude. 

^ Books of practioal astronomy are always given away ; I don*t think any- 
body e? or bays them. 
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There are, of course, plenty of small flaws to be found* and it 
will be my business presently to point out some of them, besides 
which I may be allowed- to make one or two general reflections. 
It is unreasonable to suppose that this thick Tolume of information 
upon the most intricate and delicate results of mechanical ingenuity 
will be read by singularly ignorant persons — ^more ignorant, say, 
than a small school-board pupil ; and yet the writer often addresses 
himself to such. It would almost seem to be his habit to assume that 
his audience consists exclusively of born fools ; at all events, he pro- 
vides against such a contingency. He does not seem aware that 
the simple laws of optics are as universally known as the simplest 
rules of arithmetic ; so that a good deal of the nice paper and beau« 
tiful printing of the volume are unnecessarily squandered. In one 
place he speaks of a particular '< sort of curve called a palrabola**! 

I will make another general remark : one of the uses of an ele- 
mentary book is to interest the reader in the subject. This end the 
book amply serves ; but there is another use which, I regret to say, 
it serves not at all,%nd that is, to inform the reader upon the sources 
of further information. The absence of all reference to authorities 
I take to be the most serious defect of the book, so that as an intro- 
duction to more serious study it is quite useless. The author says 
occasionally (as at p. 361) that he <' must refer the reader to other 
works on the subject," but be never does so ; he hardly ever men- 
tions another ^ work" of any sort. You are served with a spoonful 
of information, but never told where the tureen is from whence he 
ladled it 

The best evidence of success in teaching is, that the pupil asks 
for more : here he will ask in vain. 

Now I will give a short summary of what the reader will find. 
If he does not attempt to read the book at all, he will find a very 
handsome guinea's worth in the pictures. It is the best illustrated 
book that I remember to have seen. The woodcuts are very nume- 
rous, and nearly all of them are, in their way, above the average 
standard of quality. 

In his first chapter the author sketches the early history of astro- 
nomy in an easy and pleasant fashion. This does not present any 
considerable difliculty, nor exhibit any particular skill ; but it serves 
sufiiciently well to lead on the beginner to take an interest in the 
more original and special teaching of Book 2. " In the old time,'* 
be says, " the only instrument was the horizon ; and, truth to tell, 
in a land of extended plains and isolated hills, it was not a bad one. 
Hence it was, doubtless, that observations in the first instance were 
limited to certain occurrences, such as the risings and settings of 
the stars, and the relative apparent distances of the heavenly bodies 
from each other." The Pyramid, he says, was the next astronomical 
instrument In chapter 2 he describes the Gnomon as the first 
meridian instrument ; and so on. 

In the next few pages Hipparchus and Ptolemy pass across the 
field of view, and practical astronomy begins to interest the reader. 

VOL. II. M 
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Whenever Mr. Lockyer speaks of an instrument or the inventor 
of it, he reminds one of the charm of one's early studies, when one 
continually read and re-road without weariness every old book and 
paper that told of the half real, half ghostly figures of early astro- 
nomical history and the dawn of instrumental operations. The 
figure of Tycho Brahe is one of the most fascinating of these; and 
hereabouts, with the invention of the clock and the transit-circle, 
he concludes his ^' pre-telescopic age.*' In the next chapter the 
laws of refraction are elaborately set forth ; and further on, where 
the growth of the telescope is treated of, this amplification is well 
bestowed, since few but practical opticians are likely to find it super- 
fluous. 

The interest of the subject increases as its subtleties are unfolded, 
and I have nothing but admiration for this part of the book. The 
description of the achromatic refractor is both clear and compact, 
and is nearly all that could be wished ; but I think it regretable 
that the treatment of spherical aberration is omitted in this place, 
and only explained at a much later stage. 

In his chapter on the reflecting telescope the author reproduces, 
as has always been done in books on optics, what is called the 
** front view " reflector on equal terms with the feasible forms of the 
instrument. It is a pity to perpetuate the memory of this ridiculous 
contrivance and allow the innocent beginner to associate it with the 
great name of Herschel. A telescope in which nothing can pos* 
sibly be focussed must be a truly valuable and delightful instru- 
ment I but it teaches one useful lesson — it shows how indiscrimi- 
nately the follies and the achievements of a man are cherished by 
his followers. You do not expect a book on the telescope to be 
original ; but a practical observer like Mr. Lockyer might leave off 
copying out such rubbish. 

The chapter on eyepieces is most useful. That beautiful inven- 
tion, the Huyghenian eyepiece, is explained and illustrated with 
remarkable clearness. One or two solar eyepieces are described, 
but their names, or rather those of their meritorious inventors, are 
unaccountably omitted. The solar eyepiece of Dawes is described, 
but the improvement on it by Dr. £rck is omitted ; and the most 
important of them all, the polarizing eyepiece, is barely hinted at. 
The author enters with great ^* gusto " into the subject of object- 
glasses, and collects all the interesting facts I have ever heard on 
the subject ; and an admirable chapter they make. The competi- 
tions of the English, the Americans, and the French, and the story 
of our own factory (Mr. Chance's) accommodating them all, afford 
amusing reading. Mr. Lockyer t»ays the process of manufacture is 
a secret, and at once goes on to tell all about it. The metallic spe- 
culum is rather neglected (I may say '* scamped "), and odd things 
are told about casting. The grinding and polishing of specula is 
a consummate mechanical operation, and no one without experience 
can speak of it without missing the subtleties on which its interest 
depends. No one but a practical experimenter is likely to read such 
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a chapter at all, and he will not fail to notice the absence of the 
trae mechanical faculty. 

In describing machines used in this process, one of Mr. Lassell's 
is prominently illustrated, which has been superseded by a later 
contrivance of that distinguished mechanic; but no reference is 
made to the paper in which his modifications are described. Mr. 
Lockyer says, the polisher " take^ a very devious path ;" and per- 
haps the writer will be thought to have done so in several of these 
pages ; but when he comes to the manipulation of the finished in- 
strument, no man is more thoroughly in his native element. He 
has a passion for an instrument, and, in the words of an ancient 
writer, may be said to '* roll it as a sweet morsel under his tongue," 
or, in modern terms, to describe it very felicitously. 

The faculties of the telescope are admirably dealt with — the 
relation between magnification and aperture, and between illumi- 
nation and focal length, and the capabilities of eyepieces especially 
so ; but the omission of the term " intrinsic brightness " at p. 157 
allows a confusion in the reader's mind between brightness and 
quantity of light. The comparative merits of refractors and reflec- 
tors are carefully considered and with every wish to be fair, but a 
trace of prejudice against the latter is apparent ; one of its con- 
spicuous merits — the horizontal view, for instance — is not men- 
tioned. 

On the whole, probably the most interesting and useful chapter 
in the book is that on the Equatoreal. The various forms of the 
instrument in use are illustrated by engravings and their peculiari- 
ties pointed out The reader will see with interest the recent great 
American telescope, which has already achieved brilliant results ; 
but I think he will be rather astonished at the apparently slight 
and inadequate character of its mounting as shown in the wood- 
cut. 

The adjustments of the equatoreal are described more clearly than 
by any other writer, so far as I know ; and many an amateur will 
be grateful for this clearness ; but, in common with the other writers, 
he omits any reference to a difiiculty which I suppose is always en- 
countered in setting up an equatoreal, that of eliminating the error 
of the polar axis, east or west. In Cooke's mounting, at all events, 
no provision is made for correcting it, and you have to heave the 
whole instrument round by direct manual force, the effort required 
to move it always carrying you too far on the other side. I do not 
understand \ihy this barbarism should remain in such beautiful in- 
struments. It would cost only a trifling expense to grind true the 
surfaces of the azimuth flange in the middle of the pillar, and flt 
them with a tangent screw. In his example the author finds an 
error of the polar axis of 1' 38" east. I hope he tried to correct it, 
and enjoyed the experiment. The chapter on the ordinary work of 
the equatoreal will be much valued, especially that part of it on the 
micrometer, with which I know of nothing to compare for useful* 
pess to the amateur usefulness, in short, is the strong point of th^ 
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book, and it will save many a star-gazer from groping in the dark 
for years. 

As a literary performance I am rather disappointed with it, and 
chiefly because of its lack of finish. Loose forms of expression are 
scattered broadcast, where accuracy would be both easy and desirable. 
A few instances will show that these blemishes are the effect of 
hurry and want of careful revision. At p. 1 he says, *' so coeval 
was it," meaning so nearly coeval ; at p. 27, '^ this plane or starting 
point;*' at p. 29, *^a plane at right angles to certain points;** at 
p. 62, << principal focal length/' for principal focus; at p. 90, ^^ at 
that angle will it be reflected," meaning at an equal angle ; at 
p. 109, *' a simple double convex lens," meaning a solitary double 
convex lens; at p. 150, '^move the diagonal mirror by means of 
the motions which are provided," meaning the screws which are 
provided ; at p. 2SS he speaks of the astronomer's ^* stock in trade," 
meaning his tools; at p. 376 he talks of the '^blue end of the 
spectrum," meaning the violet end. 

I do not think that such blemishes should be called trivial, espe* 
daily in a scientific book, for they irritate the reader immeasurably 
if he does not happen to be a slovenly reader ; and a slovenly reader 
ought not to be put to a scientific book at all, but to feed out of 
his proper trough. The explanation in this case is, that Mr. 
Lockyer's business is rather to make the science of astronomy than 
to write about it ; and every hour that he takes from his legitimate 
business is a loss to the world. Still I am very thankful to him for 
his book, and I am sure that multitudes of other people will be so 
too. John Brett. 



CORRESPONDENCE. 
To the Editor of « The Observatory: 

The Transit of Mercury, 1878, May 6. 

Sir,— 

In the number for April you made several suggestions to 
observers relative to observing the Transit of Mercury. Having 
had little experience in such work, I beg leave to thank you for 
them, and to send you some account of my observations. I am the 
more willing to do this, since we were very favourably situated, 
having the middle of the transit nearly at noon. 

We had the favour of a splendid day — all that could be desired. 
As careful and complete preparation was made as my resources 
would allow. The aperture of our 12|-inch equatorial was reduced 
to 7 inches. Special care was taken to insure a good focus. To 
make sure of opportunity for this, several nights in advance the 
instrument was turned on various objects, as Castor, y Leonis, 
Uranus, and finally on the Satellites of Uranus. I used, as you sug- 
gested, as high a power as I thought safe. The micrometer eye- 
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piece employed was that generally used, except ia separating 
and measuring double stars whose distance is less than 3". Its 
amplifying power is estimated to be 275. A shade of blue glass 
was screwed over the eyepiece. The time was carefully corrected 
from transits of standard clock-stars> observed on our 6-iDch 
meridian circle, by Troughton and Simms. Our latitude is well 
determined from transits of circumpolar s^rs« Our longitude from 
Washington is not yet determined by telegraphic interchange of 
clock-signals ; it will be determined soon. We use for latitude and 
longitude the following values : — 

Latitude .. 39** 16' 16"-75 ±'05 North. 

Longitude .... 6^ 11" 21' West from Greenwich. 

Our altitude is 700 feet above the level of the Gulf of Mexico. 

Fifteen minutes before the computed time of ingress the instru-* 
raent, as previously adjusted, was turned on the Sun, the driving- 
clock set to work, the telescope clamped, and the position -circle 
and threads properly placed. I had abundant time and rare oppor- 
tunity to search for the planet outside the Sun. With my utmost 
.scrutiny I could detect no trace of the outline of the planet pro- 
jected on the solar corona, nor could I discern any halo. The edge 
of the Sun's disk, with the exception of a few notches or scratches, 
was clearly .defined and remarkably steady. Indeed I was sur- 
prised at the absence of glare and tremor. 

The protruding segment of Mercury, when first seen, was in 
contact with my thread ; so that my eye had been directed to the 
proper point on the Sun's border. No arc of light nor any halo 
could be detected. The notch or protruding segment was recog- 
nized at 21^ 1"" 54>% Glasgow mean time. From observation of a 
nmilar segment at egress, I estimate external contact to have oc- 
curred 8 seconds previously. Hence I note true external contact 
at 21** 1"^ 46*. The phenomenon of the cusps, as indicated in Prof. 
Newcomb's diagram, was noted at 21*^ 4™ 4% which is a mean of 
/several comparisons. The cusps continued very steady and dis- 
tinct until very near the internal contact ; then there was a slight 
undulation of light, but far less than I had expected. I ran my eye 
rapidly along the curves of the approaching cusps, disregarding 
the undulations of light, and sought to note the time when the 
directions of these curves met on the edge of the Sun. This instant 
I took for the true interned contact — occurring at 21** 4™ S4«. All 
the times were noted by the chronograph. The shading of the eye- 
piece was such as to give the Sun a bright blue tinge, free from all 
glare ; and the impression on my eye was, that it was not more than 
two or three times as bright as a perfectly clear sky illuminated by 
the Sun when two hours above the western horizon. Subsequent 
to internal contact, and following only a few seconds later, was a 
dark band or ligament (as a drop of fiuid) connecting the points of 
contact There is no use of cavilling at this expression. It was a 
real phenomenon. It was not point^ or pear-shaped, but an appa- 
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rent dark ligament gradaallj growing brighter. At first, even after 
contact was noted, it seemed bounded by two curves slightly ooDvex 
to the Une ofcontad ; afterwards there was k Mingle curve protruding 
toward the Sun's edge. I noted the time of the ndddle of this phe- 
nomenon at ^ ^^ 43*, which is a mean of several comparisons ; and 
at 21^ 4™ 54* separation was beyond questiony and a clear band of 
light showed between the disks. At the moment of separation the 
outmost point of the dark curve seemed in contact with the Sun*s 
edge. 

As soon as Mercury was fairly on the Sun I again sought for the 
arc of light and the bright spots. My finder of three inches aperture 
was well aciyusted, and furnished with a shade very similar to that 
on the large telescope. In the finder a halo, two or three seconds 
in width, was plainly visible during the whole transit ; but in the 
large instrument no such appearance was detected, nor any spots of 
unusual brightness on the disk of the planet. Again and again, 
during the seven and a half hours of transit, and with the clearest sky, 
did I ply every power of vbion to detect these, but without success. 
I abo accommodated more than 50 visitors during the intervals of 
observation, and I invoked their aid to detect them, but in no in- 
stance with success. The halo in the small telescope, however, was 
obvious to every observer. The blackness of Mercury on the Sun's 
face was relieved by a bluish tint, and the image was very clearly 
defined. While no spots o^ unusual brightness were detected, I am 
sure the bluish-black disk of Mercury was not uniformly dark. 
There were alternations of light and shade — a slightly mottled 
appearance. I think this appearance was most striking about 3 p.m. 
in a region of the disk a little S.W. of the centre. The mottled 
appearance recalled to mind the varying degrees of light and shade 
in the central part of the nebula of Orion ; it simply suggested this, 
but was in no degree Uke it. 

During the progress of the transit I made 29 double measures of 
the diameter of Mercury — nine in two series from north to south, 
nine in two series from east to west, six in two series from N.E. 
to S.W., and five in one series from N.W. to S.E. I did not ex- 
pect them to be very accordant with each other, much less to have 
any considerable weight in the question of the compression of Mer- 
curv. The temperature of the screw was variable and excessive. 
Still I was prompted to make these measures from the fact that 
Mr. W. R« Dawes had deduced from measures made during the 
Transit of 1848, for the compression, the value ^. I am more than 
ever satisfied that a reliable value for the compression of Mercury 
cannot be deduced from micrometer measures during a transit. Of 
one thingf however, I feel well assured — ^the apparent diameter of 
Mercury, June 5-^, was perceptibly less than that assigned in the 
ephemeris, by the -j^th or ^th part. All my measures are uniform 
in this testimony, and they are confirmed by the measures of Prof. 
Boss of the Dudley Observatory, Albany, N.Y.: — 
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North to south, mean of 9 measares in two series Ii''-419 
East to west „ „ „ „ ir'«405 

North-east to south- west, mean of 6 meas. in two ,» 11 "'389 
North-west to south-east „ 5 ,» one „ 11 *300 

The small differences in these series, I am sure, are not due to any 
real difference iu the apparent diameters. The compression is too 
smaU to be detected by such measures. Half an hour before the 
egress I noticed one phenomenon with much satisfaction. It was 
the globular form of Mercury, most clearly revealed. Instead of a 
flat disk there was a spherical surface, from which rays of light 
seemed to glance off. The appearance resembled the raised cofi" 
vexity of the Moon*s bright surface when the terminator is well 
advanced. It showed conspicuousli/ on the side next the point of 



There was one phenomenon over which I was puzzled, and I 
mention it, hoping it will receive some attention from those con- 
versant with the theory of light. About an hour before the egress 
I found that whenever the micrometer-thread was brought near the 
edge of the planet, on the preceding side, there was invariably a 
deeming protrusion of the planet towards the thread. The appear- 
ance was analogous to the '*dark ligament" attending internal con- 
tact, though greatly diminished in extent. I am sure of no deception 
in the matter ; for, entirely unlooked for, it obtruded itself, so as to 
compel my attention, and I repeated the experiment again and again. 
Whenever the thread, tipped with sunlight, was brought near the 
edge of Mercury, invariably this apparent protrusion occurred. An 
illuminated edge seemed essential to it Mr. Boss of Albany, who 
observed with a 13-inch equatorial, reduced to 8 inches, also saw 
the same appearance, and says it gave him much annoyance. 
My measures had all been completed^ hence it gave me no inter- 
ruption. 

The phases at egress were noted as follows : — 

Dark band or ligament (mean of 

several comparisons) 4f^ SO* 58" Gl. M. T. 

Second internal contact 4' 31™ 5» „ 

Second external contact 4^ SS"" 52* „ 

As at the ingress, the images were very steady and the outlines 
remarkably well defined. The conditions could not have been more 
favourable. Of the last external contact, I mtat say that it cannot 
possibly be one half second in error. In the other phases there was 
room far difference of judgment ; but in this case the vanishing 
segment of*Mercury was watched, and seen to be extinguished as 
suddenly as a star to disappear on the Moon s ashy limb. On any 
other phase two observers at the same telescope might honestly differ 
by one or even two seconds. In thb phase such a difference was 
imposeilde. 

The search for the planet outside the Sun*s disk was again un* 
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suecessfal, nor could any are of light ba feen. The whole time 
of transit was 7^ S2™ 6", which, so far as I know, is the longest on 
record. I am, Sir, yours very respectfully, 

Morruoa Observatory, Glaagow, C. W. PaiTOHETT. 

Missouri, U.S.A. 



l%e Eclipse of the Mom, 1878, Attff. 12. 

Sir,— 

Last night the Lunar Eclipse was observed here. After a 
rough and stormy day the Moon rose bright and clear, and prombed 
well for observation. By the time, however, of first contact of the 
umbra, fleecy clouds and mist were coming up from the S.W., and 
these more or less obscured the Moon's disk until our leaving the 
observatory after the middle of the eclipse. At one time only was 
the partially eclipsed Moon clearly defined. The Earth's shadow 
was then observed to be pure grey in tint, like a thin wash of lamp- 
black. No rosy copper or green tint was remarked. A fine annular 
halo was noticed at about 1 1 o'clock surrounding the Moon at a 
considerable distance. About the time of greatest obscuration, the 
portions of the sky which were visible through the clouds became 
of a deep blue, and the stars shone brightly ; but the loss of light 
was not very marked. On the 7th instant, I was testing a new 
6-inch object-glass by Cooke, of York, on Jupiter, and, considering 
the planet's inconsiderable altitude, T was much struck by the sharp- 
ness and beauty of its details. Satellite IV. and its shadow were 
on the disk at the time. The satellite which was near the 
planet's limb appeared to me of a light brown-grey tint, and with a 
somewhat coarse nebulous outline. The shadow was intensely 
black and sharp. The belt and polar tints were very distinct The 
rose and cream-ochre colours of the former were at once remarked 
by an observer of Jupiter for the first time, who was present 

It seems to me that something may be done with Jupiter at the 
present time, even with his present low position, if intervab of air 
stillness be watched for and taken advantage of. I have frequently 
examined Jupiter when well up in the sky without so favourable a 
result as that of the other night; and I concluded (after allowing for 
the fine quality of the glass) there must have been something pecu- 
liar in the state of either our own or Jupiter's atmosphere to account 
for the unusual bright colouring and sharpness of detail which I 
Bollced. I am, Sir, yours faithfully, 

Chiildown, Ouildford, J. Rakd CapRON. 

Idth August, 187a 

The August Meteors. 

Sir,— 

Observations of the Perseida this year yrete rather diflkuU 
to obtain, owing to the moon and cloudy weather i but on the night 
of the 10th, lis meteors were seen, in 4 hours, between 11.30 
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and S.SO, more than half the time being in strong moonlight, and 
the rest in partial twilight 

Of this number, 97 were Perseids, about 60 of which had visible 
streaks, and 20 were coloured. 

The horary number was 28, taking the night through, 4i being 
seen in the hour 2.15 to S.15. 

The radiant was distinctly marked at ^9^ +56^. 

The finest meteor appeared at 2.28, but I only saw the flash and 
streak. As I was mapping, with a bright lantern light on the paper, 
the meteor must have much exceeded Venus in lustre to have called 
my attention to it. 

About 1 o'clock several foreshortened meteors were seen near 
the radiant, giving a point about 45^ + 57°, one being absolutely 
atotionary at 47° +58°. 

A few days previously several meteors gave a radiant in Perseus 
at 4S° +5ff^y very nearly at the position of the principal number of 
tracks seen on the 10th of last year. I was unable to prove the 
shifting of the radiant on the Uth, the evening being overcast. 

There was a great falling off in numbers on the 12th, only a few 
Perseids being seen, and these agreed with the position given above. 

1 am. Sir, yours truly, 

WritOe, Chehngford. H. CoRDBR. 

1878, August 20. 

Supposed Discovery of Vulcan. 

Sir,— 

During the total phase of the late solar eclipse, as observed 
at Denver, Colorado, 1 had a view of a celestial object not down in 
Argelander's charts, which to my mind, without any doubt, is the 
long-sought Vulcan. 

It was in field with a star of the same magnitude, probably 
6 Cancri. 

As soon as totality was over, I recorded in my notebook the 
following: — '^Saw two stars, about 2P S.W. of Sun, apparently 
of the 5Ui mag., some 12' apart, pointing towards Sun ; both red. 
I immediately acquainted Prof. Hough, formerly director of the 
Dudley Observatory, and my two assistants of the discovery, and, 
as soon as possible on the same evening, Mr. Bumham, the cele* 
brated double-star observer, and many others. None of them knew 
of any star in that position answering the description. 

On my way home the thought occurred to me that the distance 
between them was about equal, perhaps a little greater than half 
that between Mizar and Alcor. On arriving at home, I found 
Webb gives their distance as 11^', which would make the distance 
between Q Cfincri and the new object some 6' or 7' instead of \2\ as 
estimated (hastily and roughly, of course) at the time. 

The next morning I learned by telegraph that Prof. Watson, at 
Separation, Wyoming Territory, saw a star 2i^ S.W.of the Sun and 
of 4| mag., not down in any chart. 

The two observations are therefore confirmatory each of the other. 
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Ab totality commenced some four minutes earlier with him thaa 
with me, of course he antedates me by that amount. 

Telescope 4^in. aperture ; comet eyepiece ; power 25 ; field 1 j^i 
periscopic and yery superior. i ^m, Sir, yours truly, 

Soohester, N. T^ Aug. 13, 1878. Lewis Swift. 

NOTES. 

The Eclipse of the Sun, 1878, July 29. — News has been re- 
ceived of the success of all the parties stationed at various places along 
the line of totality in the neighbourhood of the Rocky Mountains, 
and probably no eclipse has ever been so completely observed. 
Instructions for observers were drawn up with great care by Prof* 
Harkness and issued by the U. S. Naval Observatory ; and the 
American Astronomers threw themselves with such zeal into the 
task of organizing expeditions, that the whole district was sprinkled 
with observers, stationed at various altitudes, from Pike s Peak, 
14000 feet above the sea, to the level of the plain. From the 
accounts received so far, it appears that the corona, in corre- 
spondence with Sun-spots, prominences, and other manifestations of 
solar activity, was small and comparatively faint, though even in 
this eclipse it extended on an average to a distance of 26'» cor- 
responding to 700,000 miles from the Sun. Beyond this Prof. 
Newcomb, with the assistance of a screen on a high pole, traced 
what he considers to be the Zodiacal light on each side of the Sun, 
along the ecliptic, to a distance of 6^ — ^a most important observa- 
tion. Prof. Cleveland Abbe, at a height of 10,000 feet on Pike's 
Peak, saw two pairs of streamers (one in the ecliptic and the other 
at right angles) looking like two wind-vanes, one end of each pair 
being pointed and the other, on the opposite side of the Sun, fan- 
shaped. These he considers to he -meteor-streams seen in perspec- 
tive. The true or inner corona formed a ring less than 5' broad 
and as bright as the full moon. 

Another very important result is, that the corona in this eclipse 
gave a continuous spectrum without any of the bright lines which 
have been seen on former occasions. The famous 1474 K line was 
now conspicuous by its absence. This fact was established not only 
by Mr. Lockyer's eye observations^ but abo by photographs taken 
by Dr. Draper, Prof. Harkness, and Mr. Lockyer, a difiraction- 
grating having been in each case placed in front of the camera. 
We trust that the success of this method will be a lesson to certain 
Fellows of the Royal Astronomical Society, who with glib assurance 
asserted that it was physically impossible to photograph the spectrum 
of the corona, and who did their best to prevent the method from 
being even tried under Mr. Lockyer's auspices, in the eclipse at 
Siam. The possibility has now been proved by three astronomers, 
in the case of a comparatively faint corona giving a continuous 
spectrum, which is a condition much less favourable than a spectrum 
of two or three bright lines. 
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The heat of the corona has ako been the Bubject of observattony 
having been meaBured by Prof. Edison with his new tasimeter (an 
instrument in which the expansion of a strip of vulcanite under heat 
compresses a carbon button, and by thus diminishing its electrical 
resistance deflects a galvanometer needle) and by Prof. Young 
with a thermopile. The latter found a heat^line in the ultra-red 
from the corona, but none in the ultra-violet. 

But the great achievement was the discovery by Prof. Watson 
and Mr. Swift of what appears to be the long-sought intra-Mercurial 
planet In a letter to the Astronomer- Royal, Prof. Watson, well 
known as the discoverer of so many minor planets, announces that 
he found, during the eclipse, a ruddy star of ^ mag., which, with 
a power of 4s5> showed a perceptible disk, without any appearance 
of elongation such as might be expected if it were a comet. Its 
position was at 5^ 16" Washington M.T., R.A. 8^ 26" 54", Dec. 
18° 16' N., having been referred to the Sun by means of pencil-marks 
on cardboard disks, placed on the circles of the equatorial to expedite 
the record and avoid all risk of mistake. The new star was very 
much brighter than Cancri, which was a little further west (R.A. 
8"* 24" 40^, Dec. 18° SO' 20" N.), 

Swift's Comet. — From a circular of the Vienna Academy, it 
appears that four observations have been obtained by Prof. Peters 
at Clinton of the comet discovered by Mr. Lewb Swift on the 
morning of July 7 ; and from these Dr. Holetschek has computed 
the elements as follows : — 

Per. Pass 1878, July 21-2626 Berlin M. T 



2«^ inn Mean Equinox 
. 78 0?0J ^^78.0. 



a 102 



\ogq 0-14328 

The comet was not observed at any European observatory, although 
carefully searched for — a circumstance which is probably due to a 
misunderstanding as to the date of discovery, which was taken as 
July 7 14^ astronomical reckoning instead of July 7 2^ a.m. 
civil reckoning, besides which the comet was faint and had 9, rapid 
motion south instead of a slow motion south-west, as stated in the 
telegram. The comet soon passed out of view for northern ob- 
servatories, its declination on July 2S being 21° south, with a motion 
southwards of about 2° a day. The brightness also fell off rapidly, 
being only 0*37 on Aug. 8, and 01 3 on Sept. 1, according to Dr. 
Holetschers ephemeris, the brightness at the time of dbcovery 
being taken as unity. 



Meteor Notes for September. 
This is a month for which we require many further observations. 
In August and October a large number have already accumulated 
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(owing to the occurrence of periodical showers in those months) ; 
but September appears to have been much neglected, though it 
offers equal inducements to the observer. There is an active dis* 
play of swift streak-leaving meteors from 61^ +37^ on about Sept. 
7**16, seen by the writer last year, and formeriy by S. and Z. and 
Tupman. The latter also recorded 14 similar meteors from a point 
at 65° +6° on Sept. 13-15, 1869{ and another strong shower was 
seen on the few nighto preceding at 78° +23^ Sept 8-10. S. and 
Z. give a radiant at 28'' +S5'' for Sept. 23. These should be looked 
for again ; also several morning showers traced by the writer last 
year on Sept. 15-16 as follows:— 156° +41°, 130°+46M01°+11% 
88° +17°, 87"* +34°, and 73° +14°. These observations a.m. 
may well be made (in the absence of moonlight) during the first and 
last seven days of the month. 

Recent Observations, — At Bristol, during the 8 nights from July 
26 to August 2, 403 shooting-star& were seen in 22 hours of 
watching. On July 27-30 a very rich shower was noted from near 
h Aquarii at 341° - 13° (54 meteors). They were rather alow, 
with long paths of about 1 7°, and quite devoid of streaks. The 
same shower was accurately seen by Capt. Tupman at 340° — 14®, 
on July 27, 1870, and the few ensuing nights (see No. 43 of his 
Catalogue), when he recorded about 63 meteors from it (July 27- 
Aug. 1). This stream evidently reaches a strong maximum. On 
July 31 this year it had become extremely feeble. Another specially 
prominent shower was observed chiefly on July 30, 31, and Aug. I, 
from 3° S. of the star-cluster x Persei, or at 32''^ + 53° (63 meteors) ; 
44 meteors of this system were seen on the three nights mentioned. 
They were very swift and short (averaging 7^), invariably leaving 
streaks of about 3° or 4°, and in strong contrast to the long, gradutd 
poiths o^the Aquarids traced on the few nights preceding. This 
shower below ^ Persei is quite distinct from the August Perseids, 
and gives an earlier display of marked intensity. It agrees well with 
the radiant at 32° +51°, for July 25-31, mentioned in these 
^ Notes " for last month ; and there can be no doubt that its meteors 
have hitherto been mistaken for the trne Perseids, and thus given 
this well-known shower an undue extension of period on the pre- 
ceding side. The end of July was formerly pointed out by Quetelet 
as a meteor-epoch of considerable intensity, and these rich displays 
of Aquarids and Perseids II. fully confirm the opinion. After 
Aug. 2 an interval of 4 cloudy nights followed ; and when observa- 
tions were resumed on the 7th and 8th (44 meteors), the new 
shower of Perseids had become exhausted and given way to the 
ordinary Perseids near ri Persei. Of the minor radiants observed 
this year on July 26-Aug. 2, the following were the most exactly 
determined ;— 12° +70° (16 meteors), 332° +50° (14), 6° +37° 

(18), {J^ JS}^^^)* ^^° +^^° (^^)' ^^^° +^° (^^)' ^^^"^ ^"''^° 
(14), 321° +31° (10), 332° +37° (11), 332° +27° (8), 333° +18° 
(8), 7° + 11° (8), 3° +27° (8), 23^ +41° (8). Several very fine 
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meteors &= $ and % were recorded. On July 21 two were seen 
from a radiant at 234® -f-^S®, On July 30, at 13** 44", a meteor 
was seen falling between I Capricomi and Fomaihaut with a very 
swift motion and briehtening at the end in a flash equal to Venus. 
It had a short path of about 6°, and left a streak there about 3® long 
for 4 seconds. This meteor was directed straight from Tupman's 
radiant (No. 44) at 326° - 13°, July 28. Three meteors = i^ were 
also seen from the shower at 32° +53^ Moonlight interfered with 
observations of the Perseids on Aug. 10 ; but there were no clouds, 
and the sky was watched between 10" 30"^ and 15^ About 130 
meteors were seen during that time. Between 14" SO" and 15", 
. when the moon had set, 33 were counted. Last year, the half- 
hourly number between 12" 30" and 14" 30" on Aug. 10 was 42; 
so that the display of this year appears to have been less important 
than in 1877. The directions of the foreshortened paths near the 
radiant were very carefully recorded and found to converge on ttoo 
centres, each well supported, namely : — 

I. At 44° +59° near B Camelopardi. 
U. At 42 J° +54° near y-n Persei. 

The former (I.) agrees with the radiant as previously observed 
by the writer on Aug. 10 in 1874, 1876 and 1877, and accords with 
the Perseid Comet (III. 1862) with radiant at 43° +57i°, Aug. 10. 
The latter (II.) agrees with Heis's A^^ at 45° +52°, from which he 
traced a vast number of meteors in Aug., and falls near Comet L 
1870, with radiant at 43^° +53% Aug. 12 (see Prof. Herschel's 
^ List of the radiant-points of Comets," p. 232, B. A. Report, 1875). 
The rich and sustained shower of Perseids in 1871 may thus have 
been attributable in part to Comet I. 1870. In order further to 
investigate the point, the writer projected about 140 of the meteors 
near the Perseid radiants registered by the Italian observers on 
Aug. 9-12, 1872, and found three centres indicated, namely^ at 
47° + 58°, 42° + 52°, 33° + 67°. While the two former correspond 
to the double radiant seen this year, the latter agrees with a radiant 
deduced by Prof. Herschel from the meteors recorded by the British 
Association observers on Aug. 9, 10, 11 in 1871. The three 
positions are each confirmed by stationary meteors. On Aug. 5, 
1864, Heis records one = $ at 44° +57°, and on Aug. 9, 1860, at 
43° + 53°, and at Bristol, on Aug. 8, 1 876, one was seen at 35° + 57°. 
In future observations of the Perseids it will be very important to 
observe the short and nearly stationary meteors, so that these 
radiants may be confirmed and separated from each other. The 
recent observations go far to prove that the alleged early commence- 
ment of the shower is explained by the occurrence of a distinct 
system of similar meteors on July 30-Aug. 1 from a point near x 
Persei, and that the diffuse radiation hitherto observed on Aug. 10 is 
entirely due to the fact of several contemporary showers lying near 
together about B Camelopardi, y Persei, and x Persei, supplying 
meteors of the same visible features in common. 

W. F. Demmino. 
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Distances from Saturn's polar diam., in equatoreal semidiams. 
— means preceding or west, 4* following or east. 
12^a.M.T. Bnoel. Tethys. Dione. Bhea. 

Sept. 1 6 — 3'4S +4'2S — 1-7 w +4*2 8 

17 — rSif — 4-6k — 3'5s +8*5 ^^ 

18 .. +3*8 w 4-4*98 +6*3 IT — I'l K 

19 -j-o'8 8 — 5*oK — 4*9 w — 8*9 w 

20 — 4"0 8 +4*9 ir -|-0'2 8 — 2"0 8 

21 +o'2 w —47 8 -i-4'6N 4-8-2 s 

22 4-4*o 8 4"4*3ir —6*4 if 4-4*9 w 

23 —1-2 8 —37 8 +3*8 8 —6-4 If 

24 —37^ 4-3*0^ +i'3^ —7*2 8 

25 4-2-1 3f —2-38 —5*5 8 4-3'9 8 

26 +3*18 4-4'8ir +6*i 8 +8-6 n 

27 —2*98 — o"5 8 — 2*5 N — o'8 ir 

28 — 2'4]f — 0-5N —278 ^8*9 ir 

29 4-3*5 » +1*4 8 4-6'i N —2-4 8 

30 4-1*5 8 -2-3 N —5-4 If 4-8-1 8 

Oct I —3*98 4-3'i 8 +1-18 4-5*2 w 

2 — o"6]f — 3*7 w 4"4*oir — 6-2 k 

3 4-4*0 8 4- 4*3 8 -6-4 8 -7*4 8 

4 —0-48 —4*7^ +4*5 8 4- 3*5 8 

5 —3*9 If +4*9 8 +0-5 If -I-8-7N 

6 4-I-4N — 5*o8 —5-18 -0-5 K 

7 -h3*6 8 4-4*9 If -f6-3 8 — 8*9^ 

8 —2-38 —4-68 —3*3 If —278 

9 —3*0 If +4*1 If —1-98 +7*9 8 

10 4-3*1 If -3*^8 4-5*8 If 4- 5*5 If 

II -I-2-2 8 4-2"8ir — S-8n — S*9 ^ 

12 —3*98 — 2*o8 4- 1*9 8 —7-68 

13 — o-6k 4-4*9 If +3*3 If +3*2 8 

14 +4*ow — o'2 8 —6-38 4-8-8 K 

15 +o'3 8 — 07 N +5*0 8 -Q-i ir 

Semiaxes of orbits expressed in semidiameters of Saturn's equator. 

Oct. 2. Mi. En. Te. Di. Rh. Ti. lap. 

Major 3*14 4-03 4-99 6-40 8-93 2071 60-34 

Minor 0-15 0-20 0-24 0-31 0-44 0-94 8-72 

Hourly Motion 15^-9 ii°-o 8°-o 5^-5 3''-3 0^-9 o°-2 

The position-angles of the axes of the orbit of Titan are 0°'56, 
and those of the orbit of lapetus 12''*S6 Uis than those of the axes 
of the orbits of the inner satellites. 

lapetus is near its greatest eastern elongation on Sept. 21, and near 
its inferior conjunction, north of the planet, on Oct. 11. 

A.M. 
Satellite of Neptune. 

Semi-major and minor axes of apparent orbit on Oct. % 1 6'^-9 and 
5^*9, pos«-angle of major axis being 221 °'4 or 41°'4. The satellite is 
near its greatest elongation at the following times : — 

Sept 17 16* n./. Sept.26 ll'^*./?. Oct. 5 7' n./. Oct 14 S***. p. 
20 14 9.p. 29 10 «./. 8 6 %.p. 17 1 n./, 

SSlSn./. Oct 2 9 *./>• 11 4 n./. 20 #.p. 
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The Sun, Moon, and Planets. 



[No. 17. 



Position of the Sun*s North Pole. 

PoB.-angle. Bist. from limb. 



1878. 

Sept. 17 H 4« 

22 25 23 

a7 »5 55 

Oct 2 26 17 

7 a6 ^9 

12 26 29 



+7 
6 
6 
6 
6 



59 
48 
34 
16 



+ 556 



TTie Moon, 



1878. 

Sept 16... 
17... 
18... 
19..* 
20... 
21... 
22... 
23... 
24... 
25... 
26... 
27... 
28... 
29... 
30... 



Biaea. 

h m 
7 18 

7 47 

8 27 

9 »» 

10 29 

11 50 

13 15 

14 44 
16 13 

New. 

Bets. 
625 
7 » 



Geoo. Libr. 
at midnight. 



long. 

— 5*02 

5*99 
675 

7»3 
7*37 
7'io 
6*40 

364 
-171 

+0-40 
252 
4-46 
606 

+7'«9 



lat 
o 
-6-58 
618 
5-49 
4*5 » 
328 
183 

— 0*22 

+ 1*44 
3"o6 
450 

563 
6*36 
663 
6*46 



1878. 

Ocst. I... 

2... 

3... 

4... 

5... 

6... 

7... 

8... 

9... 
zo... 
II... 
12... 
13... 
14... 
15... 



Sets, 
h m 

7 5* 

8 55 
to 9 

11 24 

12 39 

13 52 

IC 2 
10 II 

FuU. 

Bises. 

5 »4 

6 27 



Geoo. Libr. 
at midnight. 



long. 

+7*^84 
8'oo 
772 
7"o8 
615 
5-03 

379 
248 

+ri5 
~oi6 

«*43 
2*63 

478 
-3-67 



laU 

o 

+4*97 

382 

251 

+ 111 

—0*31 

1-69 

2*98 

413 

584 
6-33 

t^ 

6zi 
-5-46 

A.M. 

The Planets. 

Mercury is a morning star at greatest elongation W. on Sept. 25» 
when he rises 1^ 45*" before the Sun, and, though then in perihelion, 
is very favourably placed for observation on account of bis N. de- 
clination. He is very near Venus about the end of September, being 
only 17' from her on Sept. 26(1* 10» preceding and 1' N.). 

Venus is a morning star^ rising from 9^ to 1 ^ before the Sun. 
Her disk is gibbous, the illuminated portion on Sept 15 being 0*986, 
and on October 15 0*976, and the corresponding diameters 10^*6 
and lO'^-O. 

Jupiter is an evening star, stationary about 7^ s, p. /3 Capricomi. 
His equatoreal diameter is ^\"'6 on Sept 15 and S7"*9 on Oct. 15. 

Saturn is visible all night, about midway between j3 Ceti and ot, 
P^gasi, moving slowly s. p. 

Outer Bing. Inner Bing. BalL 

Maj. Axis. Min. Axis. Maj. Axis. Min. Axis. Diam. 

Sept. 22 4S''-95 2^-4.4. 29''-22 r'62 W'6 

Oct. 12 ^S'^-e* l"-89 29''-02 l*-26 W'^ 

The south side is visible, the elevation of the Earth above the 
plane of the rings being S^ 11' S. and 2^ 29' S. on Sept. 22 and 
Oct. 12 respectively, and of the Sun S^ 24' and 3^ 42' S. 

Editor. 



Digitized by 



Google 



THE OBSERVATORY, 

A MONTHLY REVIEW OF ASTRONOMY. 

No. 18. OOTOBEE 1. 1878. 



Binary Stars. — ^Part III. 

The observations on binary stars embrace so sHort an interval of 
time that we but seldom have been able to decide any thing about 
the orbit where the period is above three hundred years, and even 
then it is necessary that the periastron-passage happen no more 
than a hundred years from now, if the eccentricity is not unusually 
smalL However, I think we have already now a pretty close grasp 
of the orbit of <y Coronse Borealis, though the period is above eight 
hundred years, while the orbits of a Geminorum and y Leonis are 
not known with certainty. At most we possess orbits of twenty- 
seven binary stars, of which only seven belong to the southern 
hemisphere ; but a number of quickly revolving binaries will be 
found in future, and Bumham's discoveries seem fertile in this 
respect. 

The peculiar systematic errors which are known to affect the 
measures of double stars render exhaustive discussion of the 
material previous to use an important condition *, and it is evident 
that the accuracy of the results will be greatly improved as one 
gains experience on the subject ; but I nevertheless hasten to com- 
ply with a request from the editor of * The Observatory ' and give 
a review of my researches, though it should be remembered that I 
have been engaged in this work during only between three and four 
years, and that I expect greatly to extend my investigations in years 
to come. 

In the following elements of orbits of binary stars 

Q denotes the longitude of the node* 

X the longitude of periastre, reckoned from the node. 

y the inclination of the orbit to the visual plane. 

€ the eccentricity of the true orbit. 

P the period of revolution in years. 

T the epoch of periastron passage. 

a the semi-axis major of the true orbit. 

* Double stars are now-a-daye obBerred in over twenty large observatories. 
Small aeries of measures taken by inexpert amateurs would therefore seem to be 
of minor importance, so much more as want of system prevents thorough 
examination of a small number of results. In some such cases it might even be 
difficult to ascertain whether the measures were mode bond fide, 

VOL. ir. K 
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2 3121. 

The anonymous binary star 2 3121 was discovered by W. Stmve 
in 1831. It has a large proper motion. Both components are 
white or perhaps a little yellowish, and so like each other that the 
companion has often been mistaken for the main star. They are of 
the seventh magnitude. The right ascension of the star is about 9^ ; 
but the circumstance that it was placed in an appendix caused most 
observers to lose sight of it, except O. Struve, who has observed it 
from 1840 up to this time. In the spring of 1866 his assistant 
Fritsche computed the orbit by Herschel's second method, following 
up with differential equations of condition. This investigation 
being necessarily founded on the measures made by both Stnives, 
as there were no others available, afforded an opportunity for testing 
the very large systematic corrections which O. Stmve had applied 
to his observations. The result showed that the probable errors 
came out smaller when these corrections were applied than when 
they were not, but the elements soon showed considerable deviations 
from the observations. According to them we should not have 
seen the star single before 1882, while the companion was already 
lost sight of in 1876, and the ephemeris deviated at that time half 
a hundred degrees from the observed angle. Bv Fritsche's paper 
attention was drawn to the interesting object It has since been 
well watched ; but the results of the other observers differed so 
considerably from O, Struve's that I had to exclude them all, pre- 
ferring to adopt Struve's values after 1866, as had to be done 
before that epoch. I formed twelve normal angles, and applied 
Klinkerfues's second method to them ; but Fritsche's elements were 
not correct enough to allow the orbit to be derived in this manner. I 
only obtained a correction to the period, and after applying this I 
obtained corrections to the three elements e, P, and T from six of 
the places. From three of the angles in connexion with the true 
anomalies computed from the new elements I obtained Q , \ and y, 
which were repeatedly corrected by equations of condition by the 
method of least squares. With the last result, together with the 
eccentricity, I now calculated the mean anomalies from the six 
observed angles, and from these mean anomalies I obtained P and 
T by the method of least squares. Next I compared the observed 
angles with the ephemeris. The differences Oo-Of^ were projected as 
ordinates with the time as abscissa, and a curve drawn as well as I 
could manage among the points. On this curve I read off the 
corrections to be applied to the ephemeris, and constructed then a 
curve on which the angles are read off as ordinates with the 
epochs as abscissae. I determined the distances from this curve ; 
but a curve drawn through so small a number of points is subject 
to much uncertainty. I therefore had to consider what the curva- 
ture would have been if the curve had been drawn in a somewhat 
different manner, and thereby I estimated whether the respective 
distances would have to be lessened or increased. I then projected 
the angles and distances as in Herschel's first method, and indicated 
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with arrows whether the distances might be lessened or increased. 
Thus I obtained two different systems of elements, after a number 
of interpolations between which I arrived at the following result. 
Though this is by no means a definitive orbit, still I think it about 
as accurate as any that might be deduced before the companion 
appears again. 

Provisional Elements of 2S12L 

Q 10 o e 0*2600 

X 14930 P 37*03 years 

y 74 15 T 1842-78 

« [o''7i] 

y CororuB Borealu. 

This is one of the most difficult objects discovered by W. Struve. 
It is of the fourth magnitude, and, as Dawes has shown, not 
variable. The orbit is seen nearly edgewise, so that the star occa- 
sionally appears single. Thus the companion was lost even in the 
best telescopes in 1872, and has not yet been seen again with 
certainty. I commenced my investigations by forming three com- 
plete normal places. From these and a fourth place for 1867 (for 
which the angle was obtained from Harvard College, the distance 
from Leipzig observations), the first approximation to the elements 
was obtained by Herschel's method. As four points are not suffi- 
cient to determine an ellipse, I took the other observations into 
account by estimation in drawing the apparent orbit, and afterwards 
I endeavoured to represent the three normal places and the angle for 
1867 exactly, by Klinkerfues's third method. The calculations 
showed, however, that these observations could not be represented 
by any ellipse ; but just as I was going to compute a hyperbolical 
orbit I was informed that the angle given for 1867 was nearly a 
whole quadrant in error. Subsequently I came into possession of 
O. Struve's observations, and made an attempt to compute the 
orbit by Herschel's second method, but failed. The companion 
moved almost in a straight line up to 1868, and afterwards the star 
was difficult to observe, and the recorded distances probably too 
large, so that the case was most unfavourable for application of this 
method ; but I succeeded in obtaining a couple of orbits graphically, 
and I corrected these by equations of condition, whereby Ideter- 
mined the relative weight to be attributed to the respective position- 
angles by successive trials. 

ElemenU of y Corona; Borealis»2 1967. 

O I 

Q 110 24 e 0-350 

X 23330 P 95*5° y^""* 

y 85 la T i843'7o 

a o"70 

k2 
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i LibrtB, 

The components of { Librae are both between the fourth and the 
fifth magnitude, and pale yellow. It was discovered by W. Herschel 
in 1782. The smaller and further companion is blue or violet. 
This star is ( Scorpii of Bayer, and was only by a mistake called 
51 (0 Librae by Flamsteed. Those astronomers, however, who 
have treated about it as a binary star have called it as above, and I 
prefer it on that account Further discussion about such a mere 
denomination would seem idle. The apparent ellipse which I con- 
structed had its centre at the principal star, and the true orbit 
appeared thus to be circular. The circular elements were repeatedly 
corrected by the method of least squares; and I then assumed 
tfssO'l, in order to find out any feeble eccentricity there might be 
in it| and X successively 90° and 180^. 

Elemento of ( LibrceaS 1998. 

Q 12 15 e o'oyoS 

X 89 16 P 95*90 years 

y 68 42 T 1859-62 

a i"-26 

S3062. 

The interesting binary 2i3062 was discovered by Herschel in 
1782. Both the larger and the smaller star are about the seventh 
magnitude, and both white. The determination of the orbit doos 
not offer any difficulties. I constructed it principally on W. Struve's 
and Dembowski's measures* Afterwards the five elements were 
corrected by equations of condition. The corrections came out 
small, but failed to reduce the errors in spite of the evident cer- 
tainty of the drawing. But on adding the term depending upon 
the eccentricity the corrections came out larger, and the errors 
were exceedingly small. In this case the cause of the delay was 
therefore simply that the eccentricity had not been obtained with 
sufficient accuracy by drawing. 

Elemento of 2 3062. 

o I 

Q 38 35 « 0-4612 

X 92 7 P...... 104-415 years 

y 32 II T 1834-88 

a i"-27 

ta LeanU, 

w Leonis was discovered by Herschel in 1782. The componento 
are white, and of the sixth and seventh magnitude respectively. 
The last orbit had been determined by Klinkerfues from a very 
small number of observations by Herschers first method, applying 
subsequently insignificant corrections, according to his second 
method. The differences of the observed angles m)m an ephemeris 
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computed from this orbit were projected as ordinates od the square 
paper, with the time as abscissa and the deviation curve drawn, 
after which the interpolating curve for the angles was constructed 
and at the same time the observed angles projected. Both curves 
were very interesting, and their remarkable points were discussed 
and compared with those corresponding to other orbits. Much 
insight into the nature of the orbit is to be gained in this way. As 
the elements were not very satisfactory, the interpolating curve was 
repeatedly altered, and the corresponding changes in the elements 
ascertained, P and T being the whole time computed from position- 
angles corresponding to 1782 and 1872. By successive inter- 
polations at last an approximate orbit was obtained, which was 
corrected by a number of systems of equations of condition. It 
deserves to be remarked that, although O. Struve's observations 
were exclusively employed since 1840, still the orbit occasionally 
took an intermediate course between the results obtained by this 
observer and those obtained by other observers. My latest elements 
are as follows : — 

Elements of ta Leoni8=2 1356. 

8 147 15 « 0-5510 

X 122 19 P 114*55 years 

y 64 5 T 1841-57 

a o"-85 

p Eridani. 

This double star was discovered by Dunlop in 1825. The com- 
ponents are of the sixth magnitude, and both grey. I obtained the 
orbit by correcting Jacob's elements. A weight of one fourth was 
allowed to Dunlop's result throughout. He appears to have been 
a very untrustworthy observer. 

Elements of j9 Eridani. 

Sa 81 42 e 0-378 

X 327 15 P 117-51 years 

y 44 40 T 1817-51 

a 3"-82 

S 1768. 

"W. Struve discovered S 1768 in 1829, when the components, 
which are of the sixth and eighth magnitude respectively, and both 
white, were a second apart. The distance decreased rapidly, and 
the star appeared single in 1859. It was reobserved in 1876 by 
Schiaparelli, the reappearance having been suspected several years 
before by some other observers. The elements were graphically 
obtained, furnishing an excellent illustration of the adaptation of 
HerscheFs first method even to the most difficult cases. The 
particulars of the operations were very like those by which the orbit 
of 44 Bodtis was determined. I am calculating the definitive orbit. 
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Binary Stars. 




Provbional Eiemeuts of 2 1768. 


3.. 
X.. 

y.- 


.... 82 e 0-66 

....202 P 124*5 years 

.... 5ii T 1863-0 



iBootis. 

Hertchel discoTered ( Bodtis in 1780> and obBerved it afterwardi 
repeatedly. The components are of the fourth and seventh magni- 
tudes respectiyely. Their colours present a beautiful contrast, the 
larger being orange, the smaller purple. The first obserred dis- 
tances were too large, a circumstance which hitherto much impeded 
the derivation of the elements. The definitive orbit given below 
did not represent the distances quite so well as the one I first 
determined ; and this shows that the first measures of this coordinate 
were not only affected with large accidental errors, but also with 
those deviations subsequently known as systematic errors. I altered 
the angle in 1793 according to <' Nature," and drew interpolating 
curves both for the angles aud the distances, correcting one curve 
afler the other. The elements were then obtained from Herschel's 
first method, and they were subsequently corrected by different 
systems of equations of condition, for which I estimated a slight 
difference in weight from trials. 

Elements of ( Bootis^S 1888. 

O I 

Q 26 22 e 07081 

X 117 46 P 127-35 

y 3<5 55 T 1770-69 years 

a 4"-86 

"W. DOBERCK. 

[To be continued] 



The Pulkawa Double^star Observations, — ^Part I. 

One of the most interesting and important works in the department 
of sidereal astronomy that has appeared during the present year is 
undoubtedly Volume ix. of the ' Observations de Poulkova,' recently 
published by M. Otto Struve, the able and energetic Director of the 
Imperial Observatory at Pulkowa. This volume contains the micro- 
metrical measures of double stars made at Pulkowa from 1839 to 
1875; and as, in addition to the observations themselves, the Intro- 
duction contains some curious and important researches on the 
subject of double-star observations, I have, at the suggestion of the 
Astronomer Royal, drawn up an account of the book, which will 
perhaps interest the readers of < The Observatory.' 

Since the foundation of the Imperial Observatory in 1839 the 
great telescope has been principally employed to study the relative 
motions of stellar systems, and though occasionally interrupted by 
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other researches, the work has been persevered in up to the present 
time. Thus a long series of observations has been obtained which, 
being made by one person and always in the same manner, has the 
advantage of furnishing data of strictly the same character through- 
out, and in which the personal errors have only changed with the 
advancing years and more mature experience of the obi^rver. The 
task which M. Struve has set himself, and for the accomplishment 
of which he has laboured for so many years, is to furnish data as 
exact as possible for the study of the laws which regulate the rela- 
tive motions in double and multiple systems of stars. The progress 
of science and the extension of our knowledge concerning binary 
systems have from time to time altered the character and direction 
of the woric ; and this is also the cause of the long delay in publi- 
cation, as M. Struve was unwilling to publish his observations till 
he had accomplished his task, at all events within certain limits. 

The first working list drawn up by M. Struve contained about 
450 double and multiple stars ; these consisted, in the first place, of 
double stars, for which the * Mensurse Micrometricee ' of W. Struve 
had already indicated a relative motion, or for which further obser* 
vations were necessary to confirm suspected movements. This list 
was afterwards extended, so as to contain all W. Struve's double 
stars for which the distance of the components is less than 1", and 
the brighter pairs (lueidai) for which the distance varies from 1" to 
2". Finally M. Struve augmented his list by the introduction of 
several double stars of each order of distance, which, according to 
former measures, were not subject to rapid changes of relative posi- 
tion, and which, for this reason, would serve as points of comparison 
for distances measured by him and by his father ; there were also 
added 135 stars of Herschel's Classes V. and VI. By means of 
observations of these objects M. Struve hoped to arrive at very 
exact conclusions as to the relative frequency of binary systems in . 
the difilerent orders of distance. The stars in this preliminary 
working list extended down to —15^ Dec, but experience soon 
showed that very little reliance could be placed on observations of 
objects situated to the south of the Equator ; M. Struve accordingly 
resolved to confine himself to stars in the northern hemisphere, 
except in the case of some very interesting systems, the R.A. of 
which would allow of their being observed in the early evening 
hours in spring or summer, when the state of the atmosphere is 
most favourable for astronomical observation. 

M. Otto Struve succeeded his father as Director of the Observa- 
tory in 1858, and, of course, the duties of his position interfered, to 
a great extent, with the double-star observations ; still they were 
persevered in with as great regularity as was possible under the 
circumstances. The list of objects to be observed was also still 
further increased by the introduction of all the double stars in the 
northern hemisphere discovered by Dawes, Alvan Clark, Bumham, 
and others, when, by reason of their brightness and distance of the 
components, they fall within the limits adopted for the Pulkowa 
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observations. Lastly there was added to the list a Dumber of double 
stars chosen to serve as objects of comparison between M* Struve's 
measures and those of other astronomers ; these observations were 
undertaken, in the first instance^ in concert with Baron Dembowski^ 
whose long series of- excellent micrometer measures gain hereby 
additional importance and utility, since by these measures they can 
be combined with the observations of M. O. Struve, and by this 
means with those of W. Struve. The observations of all these stars 
fill two volumes ; the first (volume ix.) contains 4030 measures of 
478 stars of the Dorpat Catalogue, and 2050 measures of 427 stars 
discovered at Pulkowa. The second volume (volume x.) will con- 
tain the measures of double stars the distances of the components 
of which exceed 32", the determinations of relative parallax, and 
the observations of double stars discovered by other astronomers. 

The telescope and micrometer used by M. Struve in these 
researches have been fully described in the * Description de I'Obser- 
vatoire Central par F. G. W. Struve ' (1845) ; the following is pro- 
bably a sufficient explanation for the present purpose. The tele- 
scope is a refractor of the form known as the " Fraunhofer " equa- 
toreal, the aperture of the object-glass of which is 14*93 inches and 
the focal length 22*55 feet. It was constructed by Merz and Mahler 
at the celebrated establishment of Utzschneider and Fraunhofer in 
Munich, and at the time of its construction was one of the great 
instruments of the world both in respect to size and also on account 
of its excellent optical qualities. And though it has been in con- 
stant use for 37 years and exposed to the extraordinarily rapid 
changes of temperature experienced in the Russian climate, it seems 
to have deteriorated very little, except perhaps in the parts con- 
structed of metal. It appears from, a series of experiments made 
by M. Struve that the focal length of the telescope alters 0*0101 in. 
for a change of temperature of one degree R6aumur — a quantity 
sufficient to sensibly affect the images. On this account it has been 
M. Struve's practice to correct the focus several times each evening/ 
especially when the changes of temperature are great. These cor- 
rections would be of much smaller amount if the tube of the tele- 
scope, instead of being composed of wood, were of metal. 

The excellent quality of the images formed by the telescope 
(which is fully demonstrated by the observations themselves) b, no 
doubt, due in great measure to the very suitable locality in which 
it is placed. The position of the Observatory, on a hill 160 feet 
above the level of the surrounding plain, and its considerable dis- 
tance from thickly inhabited districts, secures a clearness of the 
atmosphere such as is very seldom found in other observatories, and 
also secures freedom from the undulations caused by currents of 
heated air which are so troublesome when chimneys are in the 
immediate neighbourhood. 

For double-star observations the construction of the micrometer 
is of the most vital importance, as, if this is faulty, the measures 
are vitiated to a corresponding extent M. Struve has taken care 
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to describe bis apparatus in considerable detail, so as to enable his 
readers to judge for themselves what amount of reliance can be 
placed on his measures. The telescope is provided with two filar 
micrometers, as identical in construction and dimensions as the 
artists (Merz and Mahler) could produce ; M. Struve has almost 
always made use of one of these micrometers, the second being only 
employed whilst the first was undergoing repair. The eyepieces, 
nine in number, are equally adapted to both micrometers, and their 
magnify ing-powers range from 1S8 to 1822. In the observations 
of double stars, properly so called, viz. when the distance is less 
than 32", M. Struve has used almost exclusively powers from 413 
to 1 169 ; for objects of 32" to 4' distance powers 207 and 309 have 
generally been used ; occasionally for very close pairs the power 
1458 has been employed, when the atmospheric conditions were 
peculiarly favourable, but it has never been possible to use the 
highest power with advantage. The position-circle of the micro- 
meter is 8 inches in diameter, and can be easily read off to minutes 
by means of two opposite verniers. The micrometer apparatus is 
applied to the telescope so firmly that any gradual change of zero 
of the position-circle, as defined by the direction of the diurnal 
motion, has never been satisfactorily established; although, of 
course, the necessity for taking the micrometer off from time to 
time for purposes of cleaning &c. has caused a slight change in the 
zero. The micrometer is provided with a single pair of parallel 
wires, with small adjusting screws, so that the parallelism may 
be always maintained, and the thickness of the wires varies from 
time to time. Ordinarily M. Struve has used spider-lines as fine as 
it was possible to procure, the diameter being about 0"*15; but the 
thickness, of course, increased after a time by the adhesion of par- 
ticles of dust to the threads, so that the mean diameter might 
perhaps be taken to be about 0"'2 or 0''*3. The two threads are 
fixed on two frames moving independently in their grooves by means 
of two fine screws. One of these screws, the micrometer-screw 
proper, is used for actually measuring distances ; the other screw, 
moving the frame which carries the so-called fixed thread, allows 
the observer to change the points of coincidence, the zero of the 
measures, along the micrometer-screw. The fixed thread is approxi- 
mately in the optical axis of the telescope when the coincidence of 
the threads occurs at 56 rev. of the micrometer-head. All the mea- 
sures have been taken at about this reading, the point of coinci- 
dence always falling between 46 rev. and 66 rev. 

The angular value of a complete revolution of the screw=9"*7091 
— O"'O0O22 tf where t is the temperature expressed in degrees Reau- 
mur. The coefficient of t is deduced from the changes produced 
by temperature on the focal length of the telescope, of which the 
result is given above. The value of a revolution for ^=0 was 
determined by two methods, which M • Struve considers to be free 
from every objection — first, by measurements of terrestrial objects 
the distances of which from the telescope could be rigorously 
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determined ; and, secondly, by the measurements of a series of 
differences of declination between two stars of which the sum, being 
equal to the difference of declination of the extreme stars, could be 
exactly determined by the meridian instruments. By the first 
method M. Struve finds 

rsg^-YOSS+C'-OOl?, 
and by the second 

r«9"-7117±0"-0031, 

and by combining these according to their weight he obtains the 
definitive value given above. Having thus determined the mean 
angular value of a revolution of the micrometer-screw, it was 
necessary in the next place to examine the screw itself to determine 
the differences between the values of successive revolutions, to find 
the periodic errors, and to ascertain by direct comparison if the two 
micrometers were actually identical. It is unnecessary to enter into 
the details of these operations here ; suffice it to say that both species 
of errors are, according to M. Struve, very small and quite insensible 
for measurements of close stars, and that the two mitsrometers are 
practically identical when employed to measure small distances. 

For my own part I must say that I think it is a pity that 
M. Struve has made no use of the double-image principle. The 
double-image micrometer, as devised by Sir G. B. Airy and so 
extensively used by the late Prof. Kaiser of Leiden, would have 
been, one would have thought, the very thing for these measures. 
I very much doubt if any measure with a wire micrometer is com- 
parable in accuracy to those made with a double-image instrument ; 
and the latter is, I should think, much more free from the trouble- 
some personal equations against which M. Struve has fought so 
fiercely. 

We now come to the observations of artificial double stars, which 
demand a more detailed account than the previous sections of this 
very interesting Introduction. 

In 1852, M. Struve commenced his researches on the subject of 
personal errors, adopting the same method as that previously used 
by his father at Dorpat. A board two feet long and nine inches 
wide, with blackened surface, was set up, at right angles to the di- 
rection of the telescope, on the upper gallery of an old tower used 
for telegraphic purposes, situated near the village of Pulkowa, at the 
distance of about two versts and a half to the east of the Observatory. 
On the black face of the board 24 white circles were placed, so as 
to form 1 2 pairs of artificial stars, the distances between the centres 
of which, as seen through the telescope, subtended angles of from 1" 
to 2". Down the entire length of the board a white line was traced 
to serve as the normal direction to which the measured position- 
angles of the different pairs might be referred. This first attempt 
led to suprislng results, proving that even for objects 2" apart the 
differences between the measured and actual directions sometimes 
amounted to as much as 10% without giving any distinct law for 
these differences. This circumstance gave rise to the suspicion 
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that perhaps the measurefl were influenced by the simultaneous 
presence, in the field of the telescope, of a great number of stars, 
and particularly of the white line, which made it difficult to estimate 
when the micrometer-wires were parallel to the directions to be 
measured. M. Struve accordingly resolved to attack the problem 
anew the following year, avoiding the difficulties mentioned above, 
and increasing the number of directions to be measured to such an 
extent that the law of the errors, if there were any law, could not 
escape detection. With this end in view, he constructed the appa- 
ratus which was used in all subsequent researches, and which ap- 
pears to have answered his purpose sufficiently well. This con- 
sisted of a circular iron disk 85 inches in diameter, and 0*2 inch 
thick, which was perforated at the centre and carried, at this point, 
a hollow axis, forming exactly a right angle with the plane of the 
disk. By means of a very strong plate fixed to this axis the whole 
apparatus was mounted on the gallery of the telegraph tower. 
Before the commencement of each series of measures, for the pur- 
pose of ascertaining that the plane of the disk was perpendicular to 
the line of sight, the position of the axis was verified by directing it, 
by means of lenses inserted in it, as nearly as possible on the object- 
glass of the telescope, the axis being provided with small adjusting 
screws so that its position could be slightly altered. This being 
done the aperture where the axis penetrated through the centre of 
the disk was closed by a black button. The artificial stars were 
formed by the bases of small ivory cylinders carefully worked to a 
circular figure, and placed in corresponding holes in the disk which 
were made for their reception. The white bases of these cylinders 
contrasting with the dull black colour of the disk, M. Struve states to 
be wonderfully like real stars seen in favourable conditions of the at- 
mosphere, their apparent diameters, in the telescope, ranging from 
0"*66 to ©""SO. Ordinarily only two stars were viewed at one time ; 
and whilst these were being measured, the other cylinders were 
replaced by black buttons. Two of these artificial stars, situated 
near the circumference of the disk at opposite ends of a diameter, 
were used as points of reference from which to deduce the true po- 
sition-angles of close pairs from comparison with the measured di- 
rections. For this purpose these two stars had to be visible at the 
same time as the stars to be examined ; but on account of their 
isolated position at the circumference of the disk, their presence in 
the field of the telescope never interfered with the measures of other 
objects. The angular distance between these reference stars, 
amounting to nearly a minute of arc, always allowed of their true 
direction being determined with ease to a small fraction of a degree. 
It is then only necessary to determine, by direct measures made on 
the disk itself, the true angle formed by the intersection of the line 
joining any pair of stars with the direction of the two reference stars 
in order to obtain the true direction which is required for com- 
parison with the observed position-angle. 

The first series of observations for the determination of personal 
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errors was made during the years 1853, 1855, and 1856> the second 
in 1866, and the last in 1876. During the intenral between the 
first two series the old tower on which the apparatus was placed 
was pulled down ; in its place M. Struve made use of a wooden 
pyramid, erected at a short distance from the site of the tower* for 
geodetical purposes. Before the commencement of the operations 
in 1876, this pyramid was replaced by another, as there was reason 
to fear that the rotten beams of the first could no longer support 
the weight of the apparatus and of the assistant who had to be 
stationed there during the observations. The linear distance 
between the disk and the object-glass of the telescope has been very 
carefully determined for these three positions, and the result is 

for 1857, dist= 8888*3 feet. 
„ 1866, dist=8852-l „ 
„ 1876, dist.=8848-9 „ 

M. Struve is confident that he has determined the distance with 
great accuracy, and states that the probable error of the last determi- 
nation =:6'5 inches. 

All the measures of the artificial stars have been made in summer 
during the afternoon hours, when the images of terrestrial objects 
are steadiest ; and it has generally been found that a clear sky is 
most favourable for these observations. The choice of the objects 
to observe, and the magnifying-powers to use has depended chiefly 
on the state of the images ; during the operations in 1866 and 1876 
M. Struve has usually employed for the measures of artificial stars 
the same magnifying-powers as he has been accustomed to use in 
the measures of real double stars of the same angular distance. In 
general each observation consists of three readings of the position- 
angle and two of the double distance; between the 'two latter 
readings the point of coincidence of the micrometer-wires has always 
been changed a little. By this means the effect of periodic errors 
of the screw, if there be any such, is diminished, and at the same 
time any bias that may be produced in the mind of the observer 
by the recurrence of figures approximately identical is counteracted. 

The angle formed by the directions of the different artificial 
double stars with the line joining the two reference stars situated 
near the circumference of the disk, and the linear distances between 
their centres, have been measured several times during each period 
of observation ; and the agreement between the measures is a very 
satisfactory proof that during the interval of 20 years no sensible 
change has taken place in the relative positions of the stars on the 
disk. 

By examining the corrections applicable to the observed position- 
angles to reduce them to the true directions, M. Struve is led to the 
following three propositions, which have served as starting-points 
for ail further researches on the systematic errors : — 

1. The errors of the position-angles do not depend direct^ on 
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the distances, but on the Tisual angles which the distances subtend, 
as viewed with the different eyepieces, at the eye of the observer. 

2» The corrections can be represented for each system of stars 
by a constant term, and one or several other variable terms following 
certain laws depending on the direction of the stars with respect to 
the vertical. 

S. The corrections are identical for position-angles differing 
by 180^. 

In accordance with propositions 2 and 3, M. Struve assumes for 
the expression of the empirical law the general form 

Corr.=K-|-asin2^+/3 cos 20-l-y sin 40+3 co8 4^. 

where the coefficients are functions of ^, which M. Struve has 
taken as the unit of visual angles, being the angular distance as 
measured by the mean magnifying-power 708, and ^ is the angle 
between the direction of the stars and the vertical. From an ex- 
haustive discussion of the observations made on the artificial stars, 
M. Struve arrives at the definitive formula 

n - +5^-2 4°'4sinC^-27°13^) 5^'68in(4»-g5^0^) 
^<>"— 1+0-20^* "^ l+0-14(3-3-^)^ + 1+0-20^ •^^^ 

Similarly from a discussion of the observations of distances of 
the artificial double stars the formula is deduced, 

Tnrr - +0"'05(<7-2'0) . 0^ '15 COS (2»^-28H) ,^v 

^"""- l-t-0>09(4-2-^y + l+0-06(5>2->^)^ ' ' • (®> 

where <pf is the true direction of the stars referred to the vertical. 

In the course of these investigations, M. Struve finds that the 
probable error of a single observation of position-angle of the 
artificial stars may be expressed by e= 1^*253^-}^ and that the 
probable error of a distance measured 

with magnifying-power 41dss0"'080, 
„ TOS^C'-OSl, 
„ „ „ 858=0"'022. 

It is thus seen that probable errors of measures of distance diminish 
considerably with increase of magnifying-power. 

When the components of a double star are very close together, it 
is of course impossible to measure the distance with the micrometer; 
and in this case observers have recourse to simple estimations, 
subject probably to eiTors considerably different from those of true 
measures, and which, for this reason, should be determined sepa« 
lately by means of the artificial stars. M. Struve's researches in 
this direction give for his estimations of distance a constant cor- 
rection « +0"-073. 

Whenever the two components of a very close double star were 
nearly equal in magnitude, and so bright that their disks appeared 
to form only one oblong image, M. Struve has followed other 
methods for obtaining an approximate knowledge of the distance 
between their centres ; sometimes he has measured the greatest and 
least diameters of the figure; at other times he has contented him* 
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self with measuring the greatest diameter, and estimating the ratio 
of the two diameters. Evidently in both cases it is sufficient to 
apply to the measures systematic corrections calculated by means of 
formula (B), to obtain, by a very simple computation, the true value 
of the distance sought. 

It might be supposed that the observations of real double stars 
ought to furnish data by means of which one could examine to what 
degree the empirical formulas, deduced from measures of the arti- 
ficial double stars, increased the agreement of measures made on 
celestial objects by the effect of the terms in the formulae depehding 
on the direction of the stars with respect to the vertical. However, 
in the great mass of the Fulkowa measures, the increase in the 
agreement is not very perceptible. The reason of this is that in 
every case where stars have been observed at about the same hour- 
angle, the corrections only vary a little, so that their efibct is masked 
under the accidental errors of isolated measures. During the first 
period of his observations, M. Struve has generally followed the 
rule to observe the same system of stars as much as possible at the 
same hour-angles. Equatorial or southern stars were always ob- 
served near the meridian, those of from 20^ to 30^ of north declina- 
tion one or two hours west of the meridian, and stars further north 
at such western hour-angles, increasing with the declination, as 
enabled the observer to remain in a convenient position. M. Struve 
pursued this course, as, at that time, his only object was to study 
the relative motion of systems, or to confirm the reality of suspected 
movements. 

It afterwards occurred to him that it would be useful to observe 
the same systems of stars both east and west of the meridian ; and 
in 1862 some stars were thus observed, expressly for the purpose 
of ascertaining the efiect of the corrections deduced from the ob- 
servations of the artificial stars on the agreement of measures of 
position-angles and distances. The result of this investigation is 
that, as far as position-angles are concerned, the agreement is con- 
siderably improved by the application of the systematic corrections, 
and that this holds good both for stars of equal magnitude, and for 
pairs composed of very unequal objects, but that for the distances 
the improvement is much less considerable. With regard to this 
latter fact it is no doubt explained in great part by the compara* 
tively large probable errors of the measured distances, so that the 
small calculated corrections have not much influence on the result. 
However^ M. Struve is compelled to confess that the increase in 
the squares of the differences between the. corrected measures and 
their arithmetic mean, produced, in certain cases, by the computed 
corrections, leaves room for some doubt as to the legitimate appli- 
cation of his formula, as far as the variable term is concerned (of 
the propriety of applying the constant term, M. Struve has no 
doubt), to the observed distances of celestial objects ; and he has 
reason to suspect that the coefficient of the variable term in this 
formula depends on the position of the head of the observeri a 
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point on which he is prepared to make further researches. The 
favoarable result obtained for the agreement of the measured po« 
sltion-angles by the application of the corrections corresponding to 
the variable term of M. Struve*s empirical formula, led him natu- 
rally to have greater confidence in the correctness of the first term 
of the formula, and in its application to real double stars. How- 
ever, it was desirable to have a more direct confirmation of the 
applicability of this constant term ; and this was supplied by a com- 
parison of M. Struve*s observations of the position-angles of double 
stars with those of other astronomers, who have from time to time 
visited the Observatory, and, at M. Struve*s invitation, have taken 
part in the observations, as these, from their simple nature, require 
no special training. From this comparison it appears that really, 
taking into account the probable errors of the mean values, M. 
Struve's corrected position-angles agree perfectly in the mean with 
the position-angles measured by the other astronomers. Considering 
moreover, that the corrections to M. Struve's measures were de- 
duced from observations of the artificial double stars, the true di- 
rections of which were accurately known, this circumstance is a very 
strong argument in favour of the doctrine that the mean of the 
position -angles measured by a great number of different observers 
is absolutely exact. Having this important fact thus prominently 
brought before him, it seems strange that M. Struve did not act on 
his knowledge of it, and have the Pulkowa double stars habitually 
measured by several observers. This would have saved himself a 
great deal of labour, and astronomers would, I think, have felt 
much greater confidence in the mean results of the observations. 

A. W. Downing. 
[To be continued.] 



Double Stars. 

List for October* 

The R.A. and Dec. are for 1880. The magnitudes and colours 
are those given by S and 0% 



2 27S7=€ Equulei. 
R.A. 20*> 5S°»-1, Dec. S°50'. 



Magnitudes 5'7i 6% 7*1 • Colours, A B yellowbh, C ashy white. 
C was discovered by Hj, B by 2 in 1835. A B form a very close 
binary star, and C belongs to the system. The common proper 
motion is -COll in R.A., and +0"-lS in N.P.D. 



AB. 

i876'44 2S6^'4 o"'gj Sporcr. 
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^±5andC. 
2 

187.776 73*^*4 io"'82 FlammarioD. 

S 2758=61 Cygni. 
R.A. 21»» l«-3, Dec. 38^ 8' N. 
Magnitudes 5*3, 5*9. Colours golden. Famons binary, and one 
of the nearest fixed stars. Proper motion +5"* 11 in R.A. and 
+3"-23 in Dec.; parallax 0"-3136. 

187779 1 1 6*2 1976 Flammarion. 
78*65 '4 X9*8 Gledhill. 

S 2760. 
R.A. SI** 1"»*9, Dec. 33° 39'. 
Magnitudes 7*3, 8*1. Colours, yellowish white, ashy. Uniform 
rectilinear motion. 

1877*83 22S°*4 8''*22 Flammarion. 

2 2822. 
R.A. 21'* 38=^*8, Dec. 28° 12'. 

Magnitudes 4,,5. Colours, white, bluish white. 

1877*57 118-4 376 Flammarion. 
78-65 7 37 Gledhill. 

DiscoTered by C. Mayer in 1777. Binary. Proper motion 
+(^•016 in R.A. and +0"*26 in N.P.D. A distant star has also 
been measured. 

1823*69 6i*3 217-4 South. 
77'S7 57*8 209-5 Flammarion. 

2 2900=33 Pegasi. 
R.A. 22** 17«^*9, Dec. 20^ 15'. 
Magnitudes A 6, B 9*2, C 7*9. Colour, A yellowish. 

AB. 

1874*91 i75°*6 i''*85 Gledhill. 
76-83 B invisible. Wilson. 

AC. 

1877*84 33o°*2 63^*5 Flammarion. 

A B binary; motion rectilinear so far. C fixed. 
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:S 2909=; Aqaarii. 
R.A. 22*^ 22"^ Dec. -0° S8'. 

MagDitudes 4, 4*1. Colours, greenish white. Probably first 
seen double by C. Mayer in 1777* Binary. Doberek's elements 
are:— T= 1924-15, 8 =140°5r, X=1S4°40', y=44°42', a=7"-64, 
e=0-6518, P= 1578-33 years. 

1877-70 334°'6 3"*6 Doberck. 

2 2912=87 Pegasi. 
E.A. 22** 23«-9, Dee. 3^ 49'. 

Magnitudes 5% 7*2. Colours, white. Binary. 

1873-78 ii9°-3 o"-s Wilson. 

2 2978. 
R.A.23'»l»-7, Dee.32°ir. 

Magnitudes 6-8, 8. Colours, white, bluish. Binary. 
1873-82 i44°-o 8"-7 Gledhill. 

2 3001=0 Cephei. 
R.A. 23** 13"-7, Dee. 67^ 27'- 
Magnitudes 5*2, 7*8. Colours, very yellow, very blue. Binary. 

O li 

1874-91 i90'3 2-65 Gledhill. 
7774 191-7 -68 Doberck. 

2 3062. 
R.A. 23*^ 59"-9, Dec. 57° 46'. 

Magnitades 6*9, 8. Colours, yellow. 

A binary in rapid motion ; about 340° have been described since 
1782. 

Dr. DobercVs elements are :—T= 1834-88, ai=92° ?', Q = 
38° 35', «=«32° 11', e=0-4612, a=l"-270, P=104-415 years. 

The proper motion is +0"-346 in R.A. and -0"-020 in N.P.D. 

1876*93 298*8 1-44 Wilson. 
77*59 297'i -48 Doberck. 

a Andromedse. 
R.A. (f 2»-2, Dec. 28° 26'. 

Magnitudes 2, 11*2. Colours, white. Rectilinear motiont 

O i* 

1877-08 27i'o 71-1 FlammanoD. 
78-65 271-6 71-6 Gledhill. 

VOL. II. o 
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R.A. 0*^ 9^-7, Dec. 79^ 0'. 
Magnitudes 6*3, 6*6. Colours, yellow. Binary. 

1876*85 elongated. Flammarion. 

2 60. 
R.A.0^41"^*8, Dec. 5^11'. 

Magnitudes 4, 7*6. Colours, yellow, purple. Binary. Doberck's 
period is 222*4* years, 6riiber*s 195*2 years. 

O u 

1875*94 ^47'^ Doberck. 



575-94 
7776 



150*2 5-71 Gledhill. 



2 73. 
R.A. 0*^ 48", Dec. 22° 53'. 

Magnitudes 6*2, 6*8. Colours, golden. Binary. Period 34'9 
years (Doberck). 

1877*02 355*9 1*28 Sporer. 
7775 354*9 '^S Doberck. 

% 202^a Piscium. 
R.A. 1*^55°»*8, Dec. 2°ir. 

Magnitudes 2*8, 3*9. Colours, greenish white, blue. Probably 
binary. Variable in brightness and colour. 

1877*05 324^*0 3"*o8 Sporer. 

S 205=7 Andromedse. 
R.A. 1*^ 56"^% Dec. 41° 45'. 

Magnitudes 3, 5, 7. Colours, golden, green, blue. AB dis- 
covered by C. Mayer in 1777. B was first seen double by OS in 
1842. 

BC. 
1877*05 104^*1 o"*48 Sporer. 

Most of the pairs in the subjoined list are binaries, and some of 
them, as will be seen from the date of the latest measure, need care- 
ful measurement again. 02*s stars are placed in brackets [413]. 
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TI.A. 

h m 


Deo. 

1 


Angle. 



Disi. 

II 


Epoch. 
1800+ 


Obe. 


[413: 


20 


42*6 


36 43 


87-4 


0*66 


75-70 


Du. 


[416; 




477 


43 18 


139-8 


7-35 


76*78 


W. 


2734 




48-4 


12 39 


1917 


27*0 


76*77 


»f 


2763 


21 


3-8 


16 52 


292*9 


i6*5 


52-39 


Ma. 


2833 




46*0 


831 


340-2 


9*6 


51-99 


»J 


2842 




47-9 


63 28 


io8-2 


2*1 


52-65 


« 


2849 




52-1 


19 40 


264*0 


1-4 


63-91 


De. 


2855 




59-1 


-2 I 


297*8 


27-3 


52*80 


Ma. 


286o 




59'4 


60 16 


2gH-6 


5* I 


64*94 


De. 


2863 


22 


o'3 


64 3 


284*8 


6-6 


74*91 


GL 


2865 




ri 


69 37 


181*3 


181 


63*56 


De. 


2915 




26-5 


6 48 


158-9 


12*2 


63-75 


J» 


2941 




40*1 


18 36 


267*0 


9*7 


64-58 


»» 


2947 




44*9 


67 56 


69*9 


3-3 


65*27 


>9 


2977 


23 


1*5 


60 47 


348*4 


2*0 


52-65 


Ma. 


2989 




7-2 


19 20 


136*6 


1*7 


53-05 


»» 


3021 




25-4 


IS 33 


38-5 


8-3 


67*29 


De. 


3024 




27-3 


43 II 


310-1 


4*8 


54-87 


Mo. 


3060 




S9-S 


17 25 


115-6 


4-1 


59-88 


Ma. 


[12] 





25-1 


S3 52 


142-1 


0-5 


75-80 


Du. 



1878.] Eclyise of the Sun, 1878, July 29. 187 

Mag. 

5, 6 AB. 

8,8 

8,9 

8i,9i 

7, 10 

8, II 
8, lo^ 

8,9i 
8,9 

5,6i 

8i,9 

^>^ 

7h i<> 
7,7 

7, loi 

8i, 10 
8,9 
8,9 

8i,8i 
5i,6 

Mr. Edward OroBsley's Obseryatory, JoSEPH GledHILL. 

Benuersdde, Halifaz. 



The Eclipse of the Sun, 1878, July 29. 

I LEFT Liyerpool on the 4th of July, in the White Star Line steam- 
ship < Germanic,' in company with several other members of the 
Royal Astronomical Society, and after a prosperous and agreeable 
voyage, during which several of the party occupied themselves in 
taking nautical observations and working out the place of the ship, 
independently of Captain Kennedy, but generally in fair agreement 
with him, and after a very long and hot railroad journey, arrived at 
Denver, on July 20. Denver is situated in about N. lat. 39^45' 
and W. long. 105% and 5200 feet above the sea-level, an elevation 
of which we had fine demonstration during the last night of our 
journey across the prairies in the uncommon brilliancy of the stars— ^ 
visible'on all sides down to the very horizon ; whilst the Milky Way 
seemed absolutely clotted with light. 

We found that the American astronomers had occupied the line 
of totality in force, of which we had agreeable evidence, from our 
train being visited at Las Aninias (the first principal station after 
the railroad struck the line of totality) by Professors Eastman and 
Cleveland Abb^, who introduced themselves to us in a most cordial 
manner ; and from these gentlemen, as well as from all others engaged 

o2 
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in the different observing parties witii whom we came in contact, we 
inyariably received most friendly assistance and advice. 

It was considered of great importance, looking at the uncertainty 
of the weather, that the observers should be judiciously spread about. 
Mr. Ranyard, with his IS in. photographing lens, joined the camp of 
Professor Young on the banks of Cherry Creek, a tributary to the 
larger river, the Platte, which runs through Denver : at present, 
indeed, Denver occupies its right bank exclusively ; but at the rate 
at which this town, just of age, is growing, the Platte will soon cease 
to be outside the town. Prof. Young's camp was about 2} miles to 
the south-east of the town. Mr. Loder was offered the use of a 
garden on the southern outskirts of Denver, and he there established 
a fine 4«-in. achromatic equatorial, his wife and brother-in-law 
assisting with other telescopes. 

A young gentleman of Denver, Mr. H. L. Baldwin, introduced 
through Prof. Young, volunteered his assistance to me ; and I 
selected a place about 2} miles to the north-west, commanding a 
fine and uninterrupted view of the Rocky Mountains, and of the 
tract of the prairie, about 20 miles wide, which intervened between 
my position and the course of the shadow's approach. I could also 
have seen its retreat had that been required. I made this choice of 
ground so that, in the event of unfavourable observing weather, I 
might have the opportunity of seeing the terrestrial effect ; and, in- 
deed, the weather for the previous week was calculated to engender 
despair of seeing any thing else. Totality was due about half-past 
three, local time ; and we had every day seen beautiful mornings 
followed at about 2 o'clock by thunderstorms and even on two 
occasions by such heavy rainfall, that the generally dry bed of 
Cherry Creek was changed into a torrent, and the water rose within 
a very few inches of Prof. Young's camp and almost threatened to 
make sad havoc with his beautiful and costly preparations. The 
splendour of the 29th was therefore the more welcome ; and as the 
day went on and the clear sky showed no blembh, all gloomy fore- 
bodings were dissipated. 

I shall not meddle with the observations of others beyond alluding 
to the interest felt on the evening of the eclipse in comparing notes 
with our own party and with many of the American astronomers 
— ^how Mr. Loder had seen a star through the corona which proved 
to be d Cancri, specially looked for and seen by Mr. Burnham of 
Chicago — how Mr. Ranyard had succeeded admirably with two 
photographs with his monster camera, but had unfortunately through 
an accident, lost a third — not to mention the spectroscopic and 
polariscopic successes of Prof. Young and others. Denver, how- 
ever, appeared to have failed in its search for the intra-Mercurial 
planet, and we did not hear of Prof. Watson's success near Bawlins» 
on the Union-Pacific line, until the next day. 

I found the latitude of my position, by connecting it by triangu- 
lation with a standard point in Denver, to be S9° 46' 29*^ N., and 
the longitude lO^"" 1' 43" west of Greenwich; the elevation 



Digitized by 



Google 



1878.] Eclipse of the Sun, 1878, July 29. 189 

about 5500 ft. above the sea. My telescope, a 2;^-iD. refractor by 
Troughton and Simms, was mounted equatorially, and I used a 
magnifying- power of 30 with a field of view of 75'. For time I 
relied on my watch, compared before and after the eclipse with a 
chronometer which had been rated by the electric signals which 
were sent from Washington. This I had done for several days past 
and found that the watch rate was very steady. 

The effect upon the landscape looking towards that part of the 
Rocky Mountains from which the shadow was about to come, and 
especially towards one of the loftiest and most conspicuous moun- 
tains of the entire district, about 60 miles distant and not far from 
the central line, called Long's Peak, was not very unusual, until 
about 20 minutes before totality, when a strange purple-lilac colour 
seemed to suffuse the mountains and lower parts of the sky, the 
upper sky becoming a very dark warm blue. 

These colours formed a remarkable contrast to the effect of a 
previous total eclipse I had seen — ^namely, that of 1870, from near 
Jerez, when the prevailing colour was brown, cool on the earth, 
and warmer in the sky ; moreover, on that occasion the darkness 
was much greater than on that which has recently been observed. 
There were a few silvery-looking clouds in the direction of Long's 
Peak ; and as the shadow reached them these clouds were suddenly 
reversed in colour, changing to a purplish hue, darker than the sky 
behind them, and then the more distant mountains were all but ef- 
faced by the increasing gloom, rather browner than the sky, but 
still of a purplish grey. This was a warning to leave the contempla- 
tion of the landscape and attend to the telescope. There was still 
a renmant of the photosphere, which became shorter and shorter, 
whilst it remained by comparison remarkably thick and blunted 
at the cusps. This collapsed suddenly without breaking into beads 
(like a gaslight turned right off), and immediately as I withdrew 
tlie grey screen I had been using, appeared the black orb of the 
Moon, according to the first impression, almost surrounded by a 
rosy garland, and then the corona made its appearance. On look- 
ing more narrowly at the sierra, which seemed of a decided red, 
hsdfway between pink and scarlet, and with some orange-coloured 
dots fringing the Moon, it seemed to extend more than a semicirde 
and to be, as was natural, most conspicuous on the eastern limb, 
where the Sun had just disappeared. As totality advanced, a 
bright prominence, with a hooked end, shot out from the opposite 
limb. My attention, however, was almost exclusively bestowed 
upon the corona. During the first minute, I occupied myself with 
measuring its extension on every side, and I found I could trace it 
in the direction of the ecliptic to a distance of about 28' towards 
the east and not quite so far towards the west. 1 then devoted my* 
self to the study of its northern half (the lower part, as I saw it 
inverted). The minimum extent of the general corona was towards 
the north, where there was almost a void space for about 50^ 
between two great sweeping curves having contrary curvature, the 
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eastern one towards the N.E.^ the other towards the N.W.; but the 
space between these was occupied by what appeared to be the most 
beautiful part of |he corona, and consisting of bundles of rays pro- 
ceeding almost radially from the Sun's centre to a distance of 
perhaps 12' from the Moon s limb. They seemed to resemble spun 
glass, and to be of a somewhat warmer or browner grey than the 
rest of the corona^ which had a silvery whiteness. I thought I 
I could perceive some movement or palpitation at their extremities; 
but this, if it existed, was very slight. 

There was something analogous to these rays towards the Sun's 
south pole, but not so marked, and more mixed up with the general 
corona : there were al8o contrasted streamers in that part. Ex- 
cept where these radial bundles of rays appeared, the corona seemed 
to die off insensibly upon the sky or field upon which it was pro- 
jected ; but the fact is, that in the direction of the ecliptic the 
corona extended much further than it could be recognized in the 
telescope, and observers with the naked eye so saw it. I gave one 
hurried glance towards it myself; but as my eye had been engaged 
with the telescope, I did not clearly take in the corona, but ob- 
tained a most impressive view of the black orb of the Moon sur- 
rounded with its rosy garland ; and I can well believe that, as far 
as the beauty of the spectacle is concerned, the naked-eye observers 
had the best of it. The corona, as seen in the telescope towards 
its eastern extension, and at about 10' to 15' from the Moon, showed 
the appearance of being slightly dappled, with at least four or 
five markings, of a darker tone than the rest They seemed very 
faint, however, and I failed to detect any decided connexion or 
arrangement amongst thepi. 

I will here note two points of difference between this eclipse and 
that of which I observed the terrestial circumstances only, near 
Jerez, Dec. 22, 1870. The Moon's shadow on that occasion ap- 
peared to rush violently towards the observer, like a vastly accele* 
rated thunder-cloud; but on this its course, notwithstanding its 
rapidity, seemed stealthy. On that occasion the darkness was such 
that I had difficulty in reading a few words of very distinctly printed 
matter, of a type nearly as large as that employed in the footnotes 
of the * Observatory.' On this occasion the diffused light was so 
great that I had no difficulty during totality in seeing very fine 
pencil-lines on the paper I was using for my memoranda. I had 
a lamp at hand, but made no use of it. A good deal of this dif- 
ference may have been due to the partially clouded state of the sky 
in 1870, and the Sun's altitude, 42^ on this and 30"^ on that occasion, 
and something to 4800 feet of additional elevation ; but this will 
not, 1 think, nearly account for the whole difference without calling 
into account the presence of matter near the Sun itself, which, 
either from its quantity or position, was effective in reflecting more 
light upon the earth on this occasion. 

Immediately after the reappearance of the photosphere the con- 
trast of the light upon the ground was very remarkable ; it seemed 
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to be glowing with tender golden colour, and was attended by the 
curious phenomenon of wavy shadows^ apparently about 9 inchee 
wide» traversing the surface at no great distance apart, and follow- 
ing nearly the course of the shadow, but with a direction somewhat 
more southerly. Their pace was very moderate, and was by esti- 
mation about 5 miles per hour. These have been noticed before, 
and are considered to be diffraction -bands fringing the true shadow. 
Their more southerly direction would be easily accounted for by 
my position several miles to the east of the central line. They 
appear to have been seen in great perfection by General Meyer and 
the other observers on Pike's Peak, about 70 miles to the south of 
Denver, a mountain more than 14,000 feet above the sea-level ; and 
from this elevation the contrast of colour between the shadow and 
the penumbra referred to above was noticed before totality as well 
as after. 

The times I noted, reduced to Greenwich mean time, were as 
follows : — 

h m B 

First contact g 19 36*2 

Second contact 10 28 56*2 

Third contact 10 31 42*2 

Fourth contact 11 34 56*2 

The first contact was deduced from a measurement of. cusps, and 
I do not consider it a good observation. It may be in error + 4* 
or 5*1 and is probably too late. The commencement of totality 
may, I think, be subject to error + lJ^\ The third and fourth are, 
I think, pretty dose. 

Pluvious to the eclipse the wind was brisk, and I considered it 
necessary to provide an enclosure for the telescope; but it fell 
almost to a dead calm about the time of totality, but got up again 
88 the eclipse west off. The temperature also changed in a most 
refreshing manner during the eclipse ; but I have not preserved the 
record. The differences as stated at the Signal Service establish- 
ment at Denver were :-* 

Thermometer in In the 
Denver ULT. the sun. shade. 

'."• o o 

2.23 Tabout first contact) 114 88 

3.32 (during totality) 82 84-5 

4-35 (about final contact) too 89 

September, 1878. F. C. Penrose. 



COREESPONDENCE. 

lb the Editor of 'J%e Observatory.' 

TempeVs Comet. 1878, August 4. 

Sir,— 

You will already have learnt some time ago that I succeeded 
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at last, on July 19| aflter long search (since May SI), in discovering 
the periodical Comet II. 1873. I send you only two observatioDs, 
because I am not aware whether you already know of any others ; 
I know of none myself*. The first observation is by Winnecke, and 
the second by me : — 

R A. Dec. 

July ao«* 9»» 59" I9» Straas. M. T. 1$^ i?" 42 "62 —4° 39' %i"-j 

30 9 50 25 AroetriM.T. 15 30 11 "92 —8 43 i -9 

The comet, as seen in Aroici I., is pretty large, like a nebula, of 
3' to 4' diameter. The south preceding side (on its apparent path) 
is brighter and shows several small nuclei, the following side is 
diffused, so that it has the oval form and appearance of Encke's 
comet, though on the whole much smaller. ' A few days ago I saw 
it fairly well with my 4-inch Steinheil. 

1878, August 19. 

I hasten to inform you that I have unfortunately not made any 
additional observations of Comet II. 1873, and have had no news 
from Rome, Milan, or Padua. 

Since the Full Moon I have seen the comet each day, on Aug. 
16, 17, and 18. It has the same appearance as before, and yester- 
day evening could be very well seen with the comet-seeker of the 
Observatory (65 mm.=2*6 in. aperture). On Aug. 17 I made a 
comparison with a star 9-10 mag. ; but unfortunately the latter is 
not to be found in any catalogue. What a gigantic task lies h^ore 
astronomerB — to catalogue all stars down to the ninth magnitude ! 
How useful it would he, and how pleasant to find a catalogued star 
on making comparisons ! The Comet will be visible with Amici I. 
only a few days longer ; for the ill-planned mounting of this tele- 
scope does not harmonize with the height of the horizontal curb of 
the dome, so that it is not possible to see objects beyond 6SP to 70° 
zenith distance. 

Herr Schulhof writes to me that it is of extreme importance to 
obtain observations of the comet to the utmost limit of its visibility, 
since its next return will be extremely unfavourable and far south, 
so that even the roughest observations would be of use. We can 
only reckon on the next return but one. 

I am. Sir, yours faithfully, 
Aroetri, Morenoe. Wilhelm Tempbl. 

Remarkable Telescopic Views of Jupiter and his Satellites. 

Sib,— 

In the September number of the ' Observatory, Mr. J. Rand 
Capron gave an account of an observation of the planet Jupiter and 
his satellites, made by him at Guildford, Surrey, on the evening of 
Wednesday, 7th August last, in which he was much struck with 
the beauty of its details, and concludes by saying " that there must 
have been something peculiar in the state of either our own or 
* Herr Tempel has since obtained flye more observations. 
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Jupiter's atmosphere to account for the unusual bright colouring 
and sharpness of detail which 1 noticed.*' On the same date (ISth 
August, 1878) as Mr. Rand Capron's communication to the <0b- 
serYatory,' I received a letter on the same subject from Mr. John 
Eobertson, an astronomical correspondent of mine at Coupar An- 
gusy a small town on the border of Forfarshire, in north latitude 
S^" 32' ^b" and west longitude of Greenwich S° 16'. Mr. Robertson 
says : — **l was delighted on the night of the 7th instant with the best 
view of Jupiter 1 have ever had. About 10^ p.m. I was struck 
with the appearance of the night> and after getting out my telescopci 
a three-inch object-glass, 46 inches focal length, by Cooke of York, 
the magnifving-power used being 180, 1 observed the fourth satellite 
of Jupiter just off his disk at the western limb, and the shadow of 
that satellite about the middle of its passage across the planet, 
grazing the lower edge of the lower belt. The shadow appeared 
much larger than the satellite, and I saw distinctly the penumbra 
surrounding the darker shadow, but saw no line of demarkation 
between them, but gradually becoming fainter towards the edge, 
which seemed very much of the same tint as the border of the belt 
along which it moved." The belts of Jupiter on this, evening appear 
to have been more distinctly defined than is generally the case. 
Mr. Robertson mentions that there was a slight thunder-storm be« 
tween the hours of three and five in the afternoon. There cannot be 
a doubt but that the atmosphere on the evening alluded to must have 
been in a remarkably favourable condition for telescopic observation 
at the same time both in the southern and northern parts of Great 
Britain. 

I am, Sir, yours truly, 
Arbroath, 17ih Sept., 1878 Alex. Brown. 



NOTES. 

The Discovery of Vulcan. — Further particulars of their obser- 
vations during the late eclipse of the Sun have been given by Prof. 
"Watson and Mr. Swift. Prof. Watson, in the ' American Journal 
of Science ' for September, states that he mounted circles of card- 
board pasted on hard wood on a four-inch equatoreal, there being 
no circles originally attached to the instrument. On these the 
pointings for the various objects observed were marked with a sharp 
pencil, and the designations added, so that there is no difficulty in 
identifying the several marks. The equatoreal having been carefully 
adjusted, sweeps were made east and west extending about 8° from 
the Sun. Prof. Watson had previously committed to memory the 
relative places of stars near the Sun down to the seventh magnitude. 
In the first sweep eastward, I Cancri and smaller stars marked in 
the chart were seen. The next sweep was also eastward, but a field 
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further south. Then placing the Sun in the field, a sweep was made 
to the westward, in which a ruddy star with a larger disk than the 
spurious disk of a star, was met with between the Sun and 6 Cancri 
and south of the middle of the field. Its position was marked on 
the paper circles and designated (a), the place of the Sun having 
been recorded a few minutes previously. In the next and final 
sweep an object was brought into the field which was taken for ( 
Cancri, though it appeared much brighter than was expected. It 
was designated (h). Prof Watson afterwards found that its position 
as recorded differed 4™ or T in R.A. from that of l^ Canori, agree- 
ing, however, within 2' in Declination. The telescope wats clamped 
pretty tight in Declination, but it had a freer motion in R.A., and 
if it had been disturbed by the wind (from which, however, it was 
protected by a sand-ledge) the disturbance would probably be wholly 
m right ascension. In a letter to the Astronomer Royal, dated 
Sept. % Prof. Watson gives a corrected determination of the place 
of the objects {a) and (6), in which allowance is made for the ex- 
centricity of the houiMjircle. The position of the Sun was recorded 
four times, once before totality at 5^ 7°" 31' Washington M. T., and 
afterwards at 5^ 22"^ 51', 5^ 32" 81% and 6* 14" 36*; and these 
readings give a means of determining the excentricity, for which 
Prof. Watson gives the expression i03'-7 sin (R+63°-2), R being 
the circle-reading. The probable error of the mean of ten readings 
of each mark is only about 0''5, and the four determinations of 
(a)-0 are 8" 3r-6, 8" 37'-6, 8°» 25»-6, and 8" 31*-5, with similar 
discordances for (6)— 0. 
The final result is : — 

Waahington M. T. RA. Deo. 

1878, July 29, 5 16 37 (a) 8 27 24 4-18 16 

5 17 46 (6) 8 9 24 +18 3 

The following tabular places may be useful for comparison : — 

a Cancri 8 37 47 +18 36-1 

8 35 56 18 38-4 

Cancri 8 24 40 18 30-S 

fCancri 8 5 16 18 0-9 

In the ' American Journal,' . Prof. Watson had previously given 
the R.A. of (fl) 8'* 27" 35». In the R.A. as first given, 8*^ 26" 54', 
which had been hurriedly worked out, a mistake had been made in 
the comparison of chronometers. In a more recent letter (' Astro- 
nomische Nachrichten,' No. 2219), he gives for (a) 8^ 27" 43", and 
for(A)8^9» 18'. 

Mr. Swift writes to the Astronomer Royal, under date Aug. 30 : — 
" I was stationed at Denver, some 150 miles S.E. from Prof. Watson, 
and am able to confirm his observations in every particular except 
magnitude. During; the first half of totality I had three views of 
the planet, and at each made careful estimates of its brightness, 
colour, distance from Sun, and distance and direction from d Cancri, 
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which was in the same field. The following is a summary of my 
comparisons and estimations. Distance from Sun's centre to a 
point midway between them b&S°. Distance between planet and 
G Cancri a?' or 8'. Magnitude exactly equal, colour intensely red, 
and both pointed to the Sun's centre ; each had large round disks, 
and both free from twinkling. These features were compared with 
each other three different times, and each time with the same result; 
and I am certain of them all, but unforlunately I had no means of 
ascertaining which was the planet and which the star. Fortunately 
Prof. Watson can supply this deficiency, and says, * the one nearest 
the sun.* 

^ As soon as totality was over, I made a record of the above facts, 
and immediately read them to my two assistants, and to Prof. Houghs 
who was stationed some 20 feet from me, and at night to Mr. 
Bumham and many others. Having seen it stated that Prof. Wat- 
son called the Declination of the object + 18% I wrote to him asking 
if that was its true declination, as I could not make my observation 
harmonize with his — not telling him how I wanted it. He replied 
that its declination was 18° 25', and thought it would come out a 
little more than that. I wanted it (to coincide with my observation) 
about Id'' 30'. The reason why I am able to locate it so accurately 
with nothing to measure with, is the fact that they ranged to the 
Sun*s centre. How much ought to be allowed for it to move in 
R.A. in 5™ we do not know — probably 5' of arc. His observations 
make its E.A. a little more than mine ; and I see no way to recon- 
cile them with mine, but to assume that it has just passed its infe- 
rior conjunction, and that between our observations it had retro- 
graded a few minutes of arc. In this way our observations as re- 
gards position very nearly, if not exactly, agree. My telescope waa 
of 4 J inches aperture, power 25, field 1 J , comet eyepiece. At 
the time I estimated the two objects as bright in the telescope as 
Polaris is to the naked eye, and the distance between them appeared 
a little greater than half that between Mitar and Alcor^ say about 
T, possibly 8'." 

The Eclipse of the Sun, 1878, July 29. — We have received 
a number of American newspapers with accounts of the important 
observations made on this occasion. The ' Chicago Times ' has the 
credit of having fitted out an expedition under Mr. Burnham*8 
direction, expressly for observation of this eclipse. Mr. Bumham 
had his six-inch equatoreal and Dr. Swazey, his companion, a four- 
inch refractor. They describe the corona as less brilliant than in 
the eclipse of 1869, the inner corona being faintly yet quite dis- 
tinctly marked, and thinner on the western than on the eastern edge. 
The outer corona shot out in beautiful radiations broken by yellow 
rather than black spaces, quite evenly to a distance of 27' from the 
Moon's limb, with the exception of the polar extension, which 
streamed off in direct lines to a greater distance, the lines on the 
right and left bending somewhat like a sheaf of grain. The equa- 
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tonal extension, which was shorter, was also marked by lines 
slightly curved, and on the eastern limb had something of a mottled 
appearance. The star I Cancri was seen distinctly through the 
corona, though within 10' of the Sun's limb. 

Prof. H. Draper gives, in the ' American Journal ' for September, 
an account of the expedition which he organized. The party con- 
sisted of Prof. Draper and his wife, Professors Barker and Morton, 
and Mr. Edison ; they were provided with spectroscopes, polariscopes, 
and photographic apparatus, the main object being to ascertain 
whether the corona was an incandescent gas, or whether it shone by 
reflected sunlight. '^ The results obtained were : — (1) the spectrum 
of the corona was photographed and shown to be of the same cha- 
racter as that of the Sun, and not due to a special incandescent gas; 
(2) a fine photograph of the corona was obtained, extending in some 
parts to a height of 20\ that is, more than 500,000 miles ; (S) the 
Fraunhofer dark lines were observed by both Professors Barker and 
Morton in the corona ; (4) the polarization was shown by Pfof. 
Morton to be radial, that is, such as would answer to reflected solar 
light; (5) Mr. Edison found that the heat of the corona was sufficient 
to send the index beam of light entirely off the scale of the galva- 
nometer of his tasimeter. Some negative results were also reached, 
the principal being that the 1474 K or so-called corona line was 
either very faint, or else not present in the upper part of the corona, 
being only seen close to the Sun. The general conclusion is, that 
on this occasion we have ascertained the true nature of the corona, 
viz. :— it shines by light reflected from the Sun by a cloiid of meteors 
surrounding that luminary, and that on former occasions it has been 
infiltrated with materials thrown up from the chromosphere, nota- 
bly with the 1474 matter and hydrogen. As the chromosphere is 
now quiescent this infiltration has taken place to a scarcely percep- 
tible degree recently. This explanation of the nature of the corona 
reconciles itself so well with many facts that have been difficult to 
explain, such as the low pressure at the surface of the Sun, that it 
gains thereby additional strength." 

The ** photo-telespectroscope " used by Prof. H. Draper had a 
quadruple achromatic objective of 6 inches aperture and only 21 
inches focal length, giving an image of the Sun less than one quarter 
of an inch in diameter and of extreme brilliancy, a most important 
condition. A Rutherfurd diffraction-grating 2 inches square, ruled 
on speculum metal, intercepted the rays before they came to a focus ; 
and being set at an angle of 60°, thi'ew the beam on one side, pro- 
ducing there three images — a central one of the Sun, and on either 
side of it a spectrum. One of these spectra was dispersed twice as 
much as the other, giving a photograph about 2 inches long in the 
actinic region. The photograph taken with this instrument shows 
a continuous spectrum, without any rings (corresponding to bright 
lines), such as would have been formed by an incandescent gas. 
The plain photograph of the corona taken with the large equatoreal 
(a 5^-inch refractor corrected specially for photography) shows that 
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the great mass of the matter lies in the plane of the ecliptic, but is 
not arranged centrally with regard to the Sun. To the eye it ex- 
tended 1}^ from the Sun towards the west, whilelt was scarcely 1^ 
in length towards the east. The mass of meteors, if such be the 
construction of the corona, is therefore, according to Prof. Draper, 
probably arranged in an elliptical form round the Sun. Prof. 
Langley saw long streamers going out from the Sun as much as 3°, 
or about 5,000,000 miles. 

The question of polarization of the corona seems to require further 
investigation ; for Dr. Hastings, who was with Professor Holden at 
Central City (40 miles west of Denver), found the plane of polari- 
zation to be tangential to the Sun's limb instead of radial as deter* 
mined by other observers. Dr. Hastings used a 4-inch telescope, 
with a Savart polariscope at the eye end, having a diaphragm plate 
perforated with six holes varying from S' to 16', any one of which 
could be used at will. The telescope was directed by Lieut Very 
at the finder, on six points of the corona ranging from 1 \' to 50' 
from the Moon's limb, and in each case the plane of polarization was 
found to be tangential. Four of the readings were taken with the 
dark band in the centre, and two with the bright band. An un- 
expected result was the powerful polarization within 1}' of the 
Moon's limb. 



The Eclipse of the Moon, 1878, Aug. 12. — At Greenwich 
the spectrum of the Moon during the eclipse was examined by Mr. 
Maunder with the Great Equatoreal and the Single-prism Spectro- 
scope. It presented a remarkable contrast with that observed in 
the total eclipse of 1877, Aug. 23. On that occasion the spectrum 
of the part in the umbra was very faint, and cut off on the violet 
side between h and F in the green, whilst to the naked eye the 
eclipsed part was fairly bright and of a coppery hue and the details 
of the surface seen with great distinctness. \n the late partial eclipse, 
on the other hand, the spectrum was very bright (that of the un- 
eclipsed part being only two or three times as bright) and could be 
traced from C to beyond A, though the umbra seemed to the eye to 
cut off the Moon completely. In the finder no details could be seen, 
the features being completely obliterated, except just at the edge of 
the shadow, which was fairly sharp. No colour was shown. The 
speetrum showed faintly the atmospheric band I in the yellow, band 
/3 near C (which cut off the red end), band o (between F and G), 
and band 6 in the violet, the last two being only distinguishable as . 
slight darkenings of the spectrum. The slit was sufficiently narrow 
just to divide h^ and h^ and the D lines. The absorption at the 
red end varied, being greatest in the deepest part of the shadow. 

From these observations we may conclude that there was a marked 
absence of vapour or cloud in the part of our atmosphere through 
which the Sun's ravs passed, the atmospheric bands in the spectrum 
being remarkably faint. 
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Transit of Mercury, 1878, May 6*. — ^Amongst the numerous 
observations of this phenomenon, Prof. Langley*s deserve special 
notice, from the attention he paid to photometric determinations, 
using an equatoreal of 13 inches aperture, with a polarizing solar 
eyepiece and Jamin photometer. 

The following are his chief results: — 

1. The entire disk of the planet was seen outside the Sun at 
about SO' before external contact, on a just perceptibly lighter 
background. 

2. The true diameter, seen under these circumstances, was esti- 
mated by aid of a glass reticule to be^ larger than when the planet 
had entered on the Sun. 

3. No black drop or ligament was seen, nor any bright spot or 
annulus. 

4. The planet was not seen black, its light was not materially 
less than that of some Sun-spot nuclei, but bluish grey, and 
measured at least 8 per cent, of mean sunlight. 

5. There was unquestionable evidence of heat from the same 
direction. 

6. The planet was darker at the centre than at the edge ; but in 
the photometric observations this was proved beyond question to 
be chiefly due to minute and rapid atmospheric tremor. 

Prof. Langley infers from these results that the coronal back- 
ground made its presence sensible without an eclipse to at least 15" 
from the limb. Further, since atmospheric glare spread 8 per cent 
of sunlight over both Mercury and the Corona, while we may 
assume that the eye would require at least one per cent, of excess 
of brightness in the background to make Mercury visible, we must 
evidently conclude that the actual brightness of the Inner Corona 
exceeds (at any rate) 1-lOOOth of that of direct sunlight ; or, in 
other words, the Inner Corona is several hundred times as bright 
as the Full Moon. 



Schmidt's Nova Cyoni*. — In the 'Observatory,' No. 6, we 
noticed Dr. Vogel's spectroscopic observations of this remarkable 
star. He has now published some further results confirming gene- 
rally Dr. Copeland s observation at Lord Lindsay's observatory, that 
the light of the star has now become monochromatic, though dissent- 
ing from his view as to the coincidence of the line with that seen 
in the spectrum of gaseous nebulas. Dr. Lohse also has now given 
his observations and conclusions, which, though made with the same 
instruments at the Berlin Observatory, are quite independent of Dr. 
Yogel's. At first the spectrum showed both bright lines and ab- 
sorption bands on a continuous background, the most conspicuoua 
of the bright lines being coincident with the brightest line of the 
air spectrum, whilst three of the others (C, F, and Hy) belonged 

* Monlihly Notioefl, 1878, June. 

t Monatsbericht Konigl. Akad. der Wisaeiuch. Berlin, 1877i I>eo., and 1878^ 
ApriL 
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to hydrogen. Some of these faded out as the star declined in 
brightness, and notably Hy and another line in the violet, whilst 
a line in the yellow, which had before been fainter than either of 
these, was still conspicuous. Finally on 1877, Oct. 25, the spectrum 
was found to be monochromatic^ as Lord Lindsay had announced, 
being reduced to the line in the green (nitrogen ?). 

In speculating on the causes for the appearance of new stars and 
of the changes in their spectra. Dr. Lohse has been led to the follow- 
ing conclusions : — 

1 . The blazing forth of new Stars may be explained with some 
probability as the effect of the chemical affinity of elementary sub- 
stances. 

2. Through the progressive cooling of the mass of a self-luminous 
body, composed of vapours and gases, an atmospheric envelope is 
finsJly produced, which absorbs the light to such an extent that the 
star becomes invisible or only faintly visible from our Earth. When 
through further radiation of heat the degree of cooling is reached 
which is requisite for the formation of those chemical combinations 
which form a substantial part of the whole, the union of the ele- 
ments in question will give rise to an evolution of heat and light, 
which suddenly makes the star again visible at a great distance for 
a longer or shorter time. 

In his second communication on this star. Dr. Vogel states that 
on resuming his observations on 1877) Oct. 25, he found the spec- 
trum nearly monochromatic, consisting of a bright line and an ex« 
tremely faint continuous spectrum on both sides, which latter dis- 
appeared when the spectrum was spread out by a cylindrical lens. 
The star was then of the eighth magnitude. On 1875, Feb. 18, 
when it had fallen to 11*5 mag., the spectrum examined with an eye- 
piece and direct- vision prism appeared perfectly monochromatic, the 
star being seen as a point, and l)etter with the prism than without, 
as the diffused light of the sky was thereby weakened. At the 
same time faint stars of 12 or 13 mag. in the neighbourhood showed 
linear spectra. According to Dn Vogel, the conclusion that the 
star has changed into a planetary nebula seems to be inadmissible, 
for the wave-length of the stellar line is 4*990 + 10, as determined 
by Dr. Vogel before the star had become too faint for measure- 
ment of the lines in the spectrum, whilst the wave-lengths of the 
three nebular lines are 5003, 4*957, and 4*861, of which the second 
is the most characteristic, and this line was not seen at all when 
the spectrum was very bright. According to Lord Lindsay's deter- 
mination, the wave-length of the stellar line on Sept. S was 4986, 
which agrees closely with Dr. Vogel's, and shows that the line 
could only have coincided with the first nebular line. 

Sun- SPOTS and Magnetic Variations*. — Dr. Wolfs obser- 
vations of Sun-spots in the year 1877 (supplemented, in the case of 
cloudy days, by those at other Observatories) leave it doubtful 
* Astronom. Mittheilungmi No. zlvi. 
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whether the minimum has yet been reached, although the ^ relative 
number '' of spots is slightly greater than in the preceding year. 
The mean relative numbers for the past eleven years are : — 

1867 1868 1869 1870 1871 1872 1873 1874 1875 1876 1877 
7'3 37'3 73"9 "39*' '"»'* 1017 66*3 '44-6 17-1 iv^ 11-3 

But when the following means for the individual months from July 
1876 to June 1877 (smoothed by means of a curve), 
117 11-9 10*8 10-6 ii'8 i3'o 1 3*1 I2'6 127 127 127 i2'6 12*5 

are examined, it appears that the rise at the beginning of 1877 has 
not beto maintained, and that the minimum must be fixed at some 
later epoch, provisionally at 1878*0. 

With regard to the discussion between Mr. Broun and M. Faye 
as to the connexion between magnetic variations and sun-spots, 
Prof. Wolf disputes M. Faye's statement that the period of magnetic 
variations is not equal to that of sun-spots as found by Mr. Broun, 
the fact being that the last-named observer has deduced a period of 
10*45 years for both phenomena, whilst Prof. Wolf himself found 
1 1*1 1 years equally for both, the probable error of this last deter- 
mination being 0*3 year. Both Prof. Wolf and Mr. Broun are agreed 
that there is coincidence between the two phenomena, continued 
throughout the whole 90 years of available observations, but they 
differ as to their treatment of some of the earlier and imperfect 
records. Prof. Wolf maintains that to convert his minimum of 
1775'5 into Mr. Broun's maximum of 1776*2 the series of observa- 
tions of Sun-spots by Standacher, Horrebow, Mallet, &c., which 
mutually support and supplement each other, must be rejected as 
false ; whilst to obtain Mr. Broun's minimum of 1795 and maximum 
of 1797 the same treatment must be applied to Flaugergues. 

As regards the magnetic variations. Prof. Wolf has rediscussed 
all recoils from 1783 to 1877, a period which includes, on his view, 
9 minima and 8 maxima ; whilst Mr. Broun obtained 10 minima and 
9 maxima by adopting a slight minimum in 1795*0 and maximum at 
1797*7 between the maximum of 1787*2 and minimum of 1799*0. 
These two intercalated epochs rest, in Prof. Wolfs judgment, on 
insufficient data, the observations being far from complete. The 
following are the epochs of minimum and maximum magnetic 
variations (v) adopted by Prof. Wolf, with their discordance from 
the epochs (v') calculated on the assumption of a constant period 
(11*14 years), and their discordance from the epochs of observed 
minimum and maximum of sun-spots («) : — 

Min. 1784-5 1799*0 i8iro 1824*2 1833-8 1844*5 1856*4 i866*8 1877*5 

v— t/ —4*5 — 1'2 — o*3 -|-x*8 -|-o*2 — o*2 +o's —0*2 — o*6 

v— « — o'2 -fo7 -fo'4 -fo'9 — o"i +1*0 -fo'4 —0*4 — 0*5 

Max. 1787*2 1804*0 i8i8'2 1829*7 1837*7 1848*7 1859*8 1870-8 

v— v' — 6-1 —0*4 -t-2*7 -t-3-0 — o'l —0-3 — o'3 — .0*4 

«— a — o"9 — o*2 -|-i*8 — o*2 -fo-5 -|-o-6 —0-3 -fca 

From these epochs Prof. Wolf has deduced four slightly different 
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values of the mean period according as all are used or as the first 
two are rejected, and according as equal or unequal weights are 
given. The values thus found are 11'7/, 11*18, 11*04, and 11*03, 
the mean being 11*14 years, with a probable error of 0*22 year and 
an average variation in the individual period of 1*93 year on either 
side, whilst the average discordance (v— «) from the sun- spot curve 
is only 0*62 year. 

Prof. Wolf points to this fact that the mean value of v—s is so 
much less than that of v — v', as conclusive evidence of the parallelism 
between magnetic variations and sun-spots. The values found for 
the two periods are almost identical, being 11*14 and 11*11 years 
respectively. 

The mean epoch of minimum is 1833*59) and of maximum 1837*83 ; 
so that a maximum follows a minimum at an interval of only 4*24 
years, agreeing closely with the abrupt rise of the Sun-spot curve 



ely V 
(of. 



towards a maximum (cf. ' Observatory,' Vol. i. p. 24<) 



o 

Prof. Astrand's Star-Chart. — In a single map, folding in a 

space of about 9 inches by 4*, Prof. A strand has laid down some 
40()0 stars, included between 35^ S. and 80^ N. Declination, a work 
which he has executed with the greatest care in the hope that it 
may prove useful to amateur astronomers, and especially to meteor 
observers, as from its compactness it cannot fail to do. There are 
several novelties introduced into this little map which have enabled 

o 

Prof. Astrand to represent so many stars with less confusion than is 
to be found on many maps of far larger size. In the first place the 
projection chosen appears to have great convenience. The stars 
are supposed to be projected on a tangent cone to the sphere having 
its apex at the north pole, the vertical angle being 30% so that it 
touches the sphere at 30° N. declination ; and there is, on this pro- 
jection, no very great distortion within the limits specified (80 N. 
to 35^ S.), except for the extreme southern portion. The stars are 
thus represented on a semi-circle 22 inches in diameter, with the 
central part near the pole, which would be much distorted, cut 
away, the cone being cut through along the line of 0^ R.A., and 
opened out or " developed." 

For convenience in use the map is folded into segments of 
d^ in R.A., and the two portions on each side of 0^ can be brought 
together. This offers the most convenient arrangement for follow- 
ing the constellations that we have seen, for the map is thus con- 
tinuous, and the awkward breaks which are so annoying in ordinary 
maps are entirely avoided. A small polar map is all that is 
required to complete it. 

Further, the stars are printed in gold on a dark purple back- 
ground, which is highly glazed, and thus shows up the bright dots 
with great distinctness, considering how crowded the map is. Possibly 

Prof. Astrand has endeavoured to represent a little too much, for 
he gives 1000 stars more than Argelander in his beautifully en- 

VOL. II. p 
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graved < UraDometria/ and to nearly every one of them a letter or 
number. 

If the latter had been omitted, the map would undoubtedly have 
gained in cleameM ; the configurations of the principal stany how- 
ever, are sufiiciently marked. But a supplementary map showing 
the stars without any names or numbers would have been still more 
acceptable, and the present map might then have served as a key- 
map. The idea of this map is so good that we cannot help offering 

this suggestion, in the hope that it may lead Prof. Astrand to make 
his work still more useful for the identification of the stars. It will 
prove specially valuable to meteor observers, as the tracks can be 
laid down with a soft red pencil, and afterwards rubbed out without 
injury to the glassed paper. Its compactness leaves nothing to be 
desired* 



M. Ernest Qobtblet. — We are sorry to have to record the 
premature decease of this astronomer, the well-known son and 
assistant of the late distinguished director of the Brussels Observa- 
tory. He was born at Brussels on the 7th of August, 1825, and he 
received his early education at the Ecole Militaire, from which he 
passed in due course into the Engineers* He was frequently 
engaged with his Corps on Scientific work, and at one time he was 
employed on the works of the extensive fortifications around 
Antwerp. His taste for observatory work, and a desire to be of 
assistance to his father, encouraged him to retire from the Engineers, 
and to become in 1855 an Assistant at the Brussels Observatory, 
where he at once took an active part in the daily observations, the 
direction of which, owing to the advancing age of his father, 
practically fell upon him. Most of his contributions on astronomy 
and magnetism may be found in the '* M6nioires " and *' Bulletins 
of the Academic des Sciences of Brussels, among which we may 
mention his papers on the magnetism of the Earth in Northern 
Germany and Holland ; on the magnetic declination and inclination 
observed at Brussels ; on the proper motions of certain stars ; and 
on the revision of the list of the variable stars. Owing to symptoms 
of failing health, of which possibly he was alone conscious, he was 
led to shrink from the cares of the permanent direction of the 
Brussels Observatory after the death of his father in 1874. M. 
Quetelet was fifty-three years of age at the time of hb decease, which 
occurred at Ixelles on September 6. E. D. 

Dr. E. von Astek. — ^We regret to announce the death, on 
Aug. 15, at Kiel, of this able astronomer, at the early age of thirty- 
six. Dr. Von Asten was attached to the Pulkowa Observatory, 
where he undertook the important researches on the motion of 
Encke's comet, of which an account was given in the * Observatory,' 
No. 1. The premature death of this able investigator will be felt 
as a severe loss to gravitational astronomy. 
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Mr. Thomas Grubb, F.R.8. — We are sorry to hear of the 
death of this eminent optician on Sept IQ* in the 78th year of 
his age. Mr. Grubb was a self-taught mechanician, and after 
turning his attention to machinery for printing bank-notes and 
other industrial purposes, he took up the manufacture of optical 
instruments, a work in which he achieved great success, being ably 
seconded by his son. He has of late years undertaken the con- 
struction of some of the largest reflectors and refractors of the 
world, including the great Melbourne reflector. 

Meteors. — Mr. Bassett, writing from Holdsworthy, Devon, 
mentions that he saw two bright meteors, one following the other 
at a little distance, on August 16, about TA3 p*m. They travelled 
at great speed in a south-westerly direction , and disappeared behind 
storm-clouds which were then gathering in the horizon. They re- 
mained visible for a considerable time, estimated by several persons 
as from 1 ) to 2 minutes ; but this was a mere guess, and is pro- 
bably enormously in excess, unless it refers to luminous streaks left 
by the meteors. 

Discovery op two Minor Planets. — A new planet (No. 189) 
was discovered by Prof. Peters at Clinton, N. Y., on Sept. 17 ; and 
another (No. 190) by Prof. James C. Watson at Ann Arbor on Sept. 
22. Both planets are of the eleventh magnitude. 

Editor. 



Meteor Notes for October. 

The first and last ten days of the month bre chiefly available for 
observations (in the absence of the Moon). The Orumids return 
on October 18-20, and there are many showers of less intensity 
occurring at this period. The Taurkls I. begin at about the middle 
of the month, and, so far as it is possible to deduce from existing 
records, continue until the end of November. The major radiant* 
point is at 62^ +21^ and probable maximum on Nov. 20-23; but 
this shower is also conspicuous on about October 17-22, and during 
the first few days of November. Two other radiants lie close to it, 
one at 56*" +24'' (Nov. 1-15), and the other at 53° + 16"^ (well seen 
by Capt. Tupman on Nov. 7-9, 1 869). There are also good showers 
at 77^ +32*^ and 81'' +23** in October. The former was well 
seen by the writer on Oct. 8, and again on Nov. 7 last year. Two 
showers of bright slow-moving meteors were also traced on Oct. 2- 
5, at 290^ +70"^ and 253° +64^ On the 8th there is an active 
radiant of swift meteors from AT" +28"^ (noted in 1877). This is 
the same as one observed the previous year at 46^ +26° (19 
meteors) Sept. 20-Oct. 25, but is quite distinct from a rich display 
of slow bright meteors seen in 1877 from 43° +22°, Oct. 28^ 
Nov. 1 . Dr. Weiss's collection of meteor paths, observed in Austria 
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during the years 1867-74 indicate a radiant at 34** +52° for Oct. 
20-Sl, which confirms a shower of slow meteors seen at Bristol on 
the 8th at 32° -|-50°. Heis's radiant P^ at 24° +42° (83 meteors), 
Oct. 17-31, should also be mentioned as visible in the evenings. 
Looking eastwards after midnight, the observer will trace many 
showers from Leo, Cancer, Canis minor, &c. The Gemellids form 
an important display in October, with a centre at 108° +2i° (C^reg 
105° +27°). Other tolerably active systems appear at 133° +79°, 
105° +50°, 107° +12°, 130° +46° (all of very swift streak-leaving 
meteors); and on the mornings of the 15th~18th last year, three 
very distinct and certain showers were seen at 133° +21°, 140° 
+28°, and 120° +15°, and it will be interesting to recover these 
as soon as the waning moon allows after about the 20th. The 
visible duration of all these radiant-points is utterly unknown. No 
doubt is entertained as to the actual existence of the showers, but 
the nights on which they begin and end remain in obscurity. The 
whole attention of observers is now required to this question of 
duration ; for until the limits of visibility of certain showers are 
determined, it is impossible to distinguish or separate a new shower 
from an old one occurring from the same point with a few weeks 
difference of epoch. The three showers last mentioned each appa- 
rently endure until the end of December; for in the meteor catalogues 
of Heis, Weiss, Zezioli, Schiaparelli, and others are a vast number of 
paths for the periodical shower dates of Oct. 18-20, Nov. 10-15, 
Nov. 27, Dec. 9-12, &c., some of which on being projected are 
resolved into exactly the same centres of radiation, and the writer's 
own observations amply confirm the results obtained from other 
sources. The work of further investigating this singular point will 
require great care. All doubtful paths should be rejected and the 
foreshortened and accurately observed meteors chiefly relied upon. It 
is very important to get the directions exactly. When a meteor is seen 
it is a good plan to project immediately a straight rod (held in the 
hand for the purpose) upon its apparent path, and then carefully 
note the direction with reference to stars near. This method will 
oflen give results of much precision, and it is obviously preferable 
to relying solely upon the eye, which always fails to retain the 
direction accurately, and sometimes gives a second erroneous im- 
pression while the observer is attempting to fix the real path by the 
stars. Moreover, when two meteors fall almost simultaneously, as 
they often do, the application of this '* direction- rod" enables them 
both to be registered with fair precision ; and the plan is evidently 
very good in the case of slow meteors, or of meteors leaving streaks. 
Recent Observations, — Mr. E. F. Sawyer, of Boston, Mass., writes 
that iiis observations of the Perseids were this year seriously inter- 
fered with by moonlight and cloudy weather on Aug. 8-11. During 
a clear interval, however, of 1** 45*° on the 9th from 14*" to 15** 45" 
he noted 98 meteors, of which 58 were Perseids^ and he deduces 
the horary number of Perseids at 33, of all meteors 56. The 
colour of the brighter Perseids appeared to be either orange or 
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yellov. The radiant-point was determined from one stationary 
meteor of the third mag., accurately noted at 44° +56^*5, and from 
several short paths near that centre. A shower from 8° +55*^9 
between a and £ Cassiopeiae, was also observed. 

Mr. H. Corder's observations at Chelmsford in July-Aug, 1877-8, 
gives radiants at 328° -f 4'7°, 290*" +67% and 353*^ +43°. The two 
former verify streams seen this year at 332° +50° and 291° +70® 
(see last month's ** Notes "). The latter position also agrees with 
a shower seen this year by the writer at 354° +4*2° (7 meteors), July 
26-27. 

Several fine meteors are reported by Mr. V. Cornish at Deben- 
ham. On Aug. T, 10^ 27", one = % was seen, with a path from 
12° +60° to 10° +4-5°. It left a streak. Two minutes later 
another meteor, twice as bright as 2^, took a course (not well ob- 
served) from 335° +26° to 335° +12°. At about the same time 
a third meteor (seen by another obs»erver) = ^ shot from 320}° —5** 
to 328|° - 1°. On Aug. 20, 8** 57", an observer, while walking 
from Yarmouth to Lowestoft, saw a meteor = ^ pass from 279° 
— 4}° to 275° —24°; and at 13** on same night a bright meteor was 
observed at Debenham, beginning in due S. alt. 45°, and passing 
to westward a distance of 25°. On Aug. 27, 9*" 32", a fine meteor 
began at 339° + 18° and ended at S38i° + 14°. On Aug. 31, 1 1\ 
a fireball equal l-3rd ) began a little W. of S., and travelled in a 
distinctly curved path to S.£. by £. [Altitude not stated.] It lit 
the place up. At 1 1^ 20"* that night another meteor of smaller size 
was seen following the same direction. 

At Bristol a fine meteor nearly = $ was seen by the writer at about 
10*^ 20", Sept. 1. It fell from 161° +70° to 155°+56° Very 
swift ; short streak at 156° +58° for 10 sec. A meteor brighter 
than $ was seen in the moonlight at 8^ 35" on Sept 8, going from 
246° +21° to 244 J° +5°. Very swift; streak of 4° for 25 sec. 
These paths prolonged back intersect at 295° +83°, and the two 
neteora having been very similar in appearance were probably 
members of a common radiant-point there. The shower N,^, of 
Heis, Aug. 1 1-31 (96 meteors), at 295°+ 79°, is no doubt the same, 
and a radiant at 300° +82°, for Aug. 24-Sep. 14 (14 meteors), 
deduced from the Italian observations 1872, agrees with it well ; but 
we require one or more duplicate observations of the two bright 
meteors described, before the radiant can be certainly fixed. The 
evening of Sept. 1, when the first was seen, was noted to be very rich 
in shooting-stars, for during the five minutes preceding 10^ 25"*, 8 
were observed, and at other times they were noted in a casual way to 
be unusually numerous; but there was great variety in their 
directions, and hence they must have belonged to many con- 
temporaneous systems. 

W. F. D£NNINQ« 
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Distances from Saturn's polar diam., in equatoreal semidiams. 
— preceding or west, + following or east, N. north, S. south. 
12^G.M.T. Sncel. Tethys. Dione. Bhea. Titan. 
Oct i6.... — 4*o N +1*6 8 — o'4 w — 8'8 N + 2*1 s 

17 -fo7K *-2'5w —4*58 -3'o« + 9'9 8 

18... • +3*9 8 +3'3 8 +6-48 +77 8 +I6-2 8 

19.... -178 — 3'9N +4*OW +6-8 N H-20"2 8 

20 — 3'4i^ +4*4 8 — i-i 8 — 57 N +2i'3W 

21.... +2-5 N — 4-8ir +5-5 N — 7-8s +19-4 w 

22.... -f2*8s +5'0 8 — 6*1 w 4-2*9 8 +147 N 

23 — 3*2 B —5-08 +278 +8-8 N + 7-9 w 

24.... — 2'0 N +4*8 K +2'6v +o'3N — o-i w 

25.... +37 w —4*5 8 —6-18 -87W — 8-oir 

26 +I-0 8 +4-0 w +5*5 » —3*4 8 — I4-ON 

27 — 4*o 8 — 3'4S — 1-2 w +7'S8 — i9*oN 

28.... O'C W +2*6 N — 3'9 8 +6-1 V — 20"I 8 

29.... +4'o8 — i*8s +6*4 w — 5*4W — i7'8s 

30.... ^I'O S +0'9 N — 4'6 W — 8-0 8 — 12*6 8 

31 — 37» o*0 8 -0-38 +2*5 8 —5*3 8 

9^ a.BlT. 

Nov. I +3*8 IT +17 K +6*1 N +8*9 8 + 1*58 

2.... +o*7 s —0*98 — 5*4 N +2*7 H + 9*3 8 

3.... —4*0 8 — O'l K +1*08 — 7*911 +15*88 
4 +0*3 H +1*0 8 +4'0»^ —5*58 +20-0 8 

5 +3*9 8 — I-9N -6*4 8 +6*0 8 +21-3 w 

6 — 1*3 s +2*78 +4'5 8 +7'6ir +i9*6ir 

7 ^y6ix — 3*4K +0*4 N — 3*2ir +15*2 w 

8 +2*2 11 +4*1 » — 5*1 s —8-8 8 +8*SN 

9.... +3*18 — 4*5 H +6*3 8 +o*i s + 0-6 w 

10.... —3*0 8 +4*8 8 — 3'2 w +8*8 8 — 7*4 w 

II.... — 2*3H — 5*0H —1*98 +3*OH — I4*2H 

12 +3*6 w +5*ow +5*8 w -77 ^ — i8*7n 

13.... +1*4 8 —4-8 8 — 5*8k — 5'8 8 —20*1 8 
14 —3*98 +4'4W +1*9 8 +5*6 8 — i8*i8 

Semiaxes of orbits expressed in semidiameters of Saturn's equator. 
KoT.l. Mi. Bn. Te. Di. Bh. Ti. lap. 

Major 3*14 4*03 4*99 6*40 8*93 20*71 60*34 

Minor o*ii 0*14 0*17 0*22 0*31 0*64 8*23 

Hourly Motion i5'^*9 10^*9 7^*9 5°-5 3^*3 0^*9 o^-a 

lapetus is near its inferior conjunction, north of the planet, on 
Oct. 11, near its greatest western elongation on Oct. 31, and near 
its superior conjunction, south of the planet, on Nov. 19. 

A. M. 
Satellite of Neptvm. 
Semi-major and minor axes of apparent orbit on Nov* 1, 17'^*0 and 
5'^*6. The satellite is near its greatest n.f elongation in po8.-angle 
40°*9, and near its greatest «. p. elongation in pos.-angle 220^*9 at 
the following times :^- 

Oct. 17 1** n. /. Oct. 2.5 9\^ s.p. Nov. 3 1 7"^ n.f. Nov. 1212"^ e.p. 
20 «.p. 2820 n.f. 6 15 e.p. 15 11 n.f. 

22 22 »./. SI 18 e.p. 9 14 n.f. 16 9 e.p. 

A. M. 
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The Sun, Moon, and Planets. 

Pontion of the Sun's North Pole. 

P(M.-aiigle. Dist. from limb. 

1878. 
Oct- 17 26 18 5 33 

22 25 56 5 7 

27 25 22 4 39 

Nov. I 24 36 4 9 

6 23 38 3 37 

II 22 28 33 



[No. 18. 



The Moon. 



1878. 



Oct. 16... 
17... 
18... 
19... 
20... 
21... 
22... 
23... 

24..- 
25... 
26... 
27... 
28... 
29... 
30... 
31... 



h m 


7 17 

8 18 


9 3* 
10 52 

12 16 


13 40 

15 7 
x6 37 


New. 
Set«. 


4 54 

6 41 

7 5» 
9 9 



Q«oo. Libr. 
at midnight. 



long. 

—6-40 
6*90 

713 
7'oi 
649 
5*53 
4*14 
2*36 
-0-33 
+ r8o 
381 

6-8 1 

7f 

7-84 

+7-62 



lat 
o 
-4-54 
3'39 
2*03 

-0*53 
+ 105 

2*6 1 

4-05 

5'»4 
6*09 
6-50 
646 
598 

5-12 

398 

2-65 

H-i'23 



1878. 

Nov. I.., 
2... 
3.. 
4- 
5- 
6.. 
7.. 
8.. 
9.. 

10.. 

II.. 

12.. 
13.. 
14.. 
15.. 
16.. 



Seta, 
h m 

10 26 

11 41 

12 51 
14 1 

»5 9 

16 18 

17 28 

Full. 

Bises. 

5 14 

6 12 

7 n 

8 39 
10 I 



Gteoo. Libr. 
at midnight. 



long. 

6*o6 
490 

xi\ 

-I-0-95 
—0-32 
1-50 
2-58 
3-54 
4*37 
.5-07 
5-61 

599 

614 

—6*03 



lat. 
o 

— 0'2I 

i-6i 

2'90 

4*06 

5-03 

578 

628 

6-51 
646 
6'io 
546 
456 

3*41 

2*07 

— o*6i 

+093 



The Pleiades are occulted by the Mood ou November 10. 

A. M. 

The Planets. 

Mercury is in superior conjunction with the Sun on Oct 24. 

Venus is a morning star, near superior conjunction, rising l^^ 
before the Sun on Oct. 15, and 30°* on Nov. 15- Her disk is gib- 
bous, the illuminated portion being 0*976 on Oct. 15, and 0*997 on 
Nov. 15, and the corresponding diameters 10^*0 and 9''*8. 

•/upt^r is an evening star, in quadrature on Oct. 20. His equa- 
toreal diameter is S7"'9 on Oct. 15 and S4>"-4 on Nov. 15. 

Saturn is visible till near sunrise, about midway between /3 Ceti 
and a Pegasi, moving slowly s. p. 



Outer Bing. 
Maj. Axie. Min. Axis. 

Oct. 12 43*-64 l"-89 

Nov. 1 42^-78 r-47 



Inner Bing. BalL 

Maj. Axis. Min. Axis. Diam. 

29''-02 r-26 17''-4 

28''-45 0''-98 



The south side of the rings is visible, the elevation of the Earth 
above their plane being 2^ 29' S. and I'' 58' S. on Oct. 12 and 
Nov. 1 respectively, and of the Sun S'' 42' S. and 4^ 0' S. 

Editor. 
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THE OBSERVATORY, 

A MONTHLY EEVIEW OF ASTRONOMY. 

No. 19. NOVEMBER 1. 1878. 



Binary Stars. — Part IV. 
r Ophiuchi. 
When W. Herschel discovered r Ophiuchi in 1783, he considered 
it the closest of all his double stars ; and when reexamined by W. 
Struve in 1825 and J. Herschel in 18S0, it did not present any trace 
of duplicity. Struve, however, in 1827 perceived an elongation in 
the direction 326^ or 146^ and he ascribed this partly to the effects 
of refraction on this (especially for the high latitude of his observa- 
tory) very low star, and partly to the reappearance of the companion* 
For ten years after it continued one of the most difficult objects^ 
but it since then has opened gradually, and is not now so very diffi- 
cult The components are of the fifth and sixth magnitude, both 
yellow. I determined the provisional elements by a repeated appli- 
cation of Herschel's method. At first I derived the period from 
observations since 1835 alone ; but I subsequently altered this ele- 
ment in connexion with the longitude of the node, so as also to 
represent W. Herschels position-angle. In these calculations I was 
only able to make use of about thirty annual means, so I proceeded 
to correct the result after Klinkerfues's second method, when I sub- 
sequently came into possession of sixty-six annual means, extending 
up to 1877 instead of up to 1870, as in the former case. Howev.er, 
the case presented such difficulties that the elements could not be 
corrected by this method so as to represent the six angles. I then 
took the three distances corresponding to the three last angles into 
account according to the same method, thus forming five equations of 
condition. But it was plainly seen that no reasonable correction of 
e, P, and T would satisfy these differential equations. I had then 
nothing left but to vary the three elements successively until the three 
first equations, after many unsuccessful attempts, were closely repre- 
sented. Next followed the correction of the elements that fix the 
situation of the ellipse, and at last the axis major was derived from 
the distances. 

Elements of r Ophiuchi c= 2 2262. 



8 ... 
X ... 

y •■ 

VOL. II. 


... ^S 26 

... 41 24 
... 58 42 


e ... 
P... 
T... 

a ... 


... 0-6055 
... 217-87 years 
...i82i*9i 
... i"-4o 
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X Ophiuchu 

X Ophiuchi is another close and difficult double star, discovered 
by W. Herschel in 1783. The principal star is of the fourth inag« 
nitude and pale yellow, the companion of the sixth and bluish white. 
][ier8che} gave the angle as 75^5 in 1783, and as 69^*3 in 1802; 
but later observations have established beyond doubt a direct motion 
from 331° in 1825 to S3° ib 1877, the distance at the san>e time 
increasing from a second to a second and a half. It became thus 
evident that one of Herschel's angles was quadranted wrong, and 
the orbit was computed at different times on the assumption that 
the second angle should be Increased 180°, an hypothesis first 
started by Struve, The orbits computed by Madler and by Hind 
do not at all represent the later observations ; and Seeliger, who 
has represented these, has been obliged to exclude Herschel's first 
angle. My orbit was founded on the whole observational material ; 
but I increased Herschel's first angle one quadrant, besides altering 
the second two qHadrants. The provisional elements were deter- 
mined by Herschel's method^ and A, y, and e subsequently corrected 
fVom differential equations, obtained by variation of these elements, 
while P and T were obtained from the first and the last posi- 
tion-angle. 3, X, and y were then corrected by equations of 
condition ; but the two first could not well be separately determined, 
the respective coefficients being nearly proportional. The mean 
anomalies were next computed for epochs corresponding to a num-> 
ber of normal places, and P and T obtained from them. Now I re- 
peated the determination of the situation of the ellipse, but the 
corroetioRs to the elements obtained above amounted only to a few 
minutes of arc. The elements being still unsatisfactory, I proceeded 
OR KHnkerfues's second method. However the three equations 
only taught me that the mean anomalies had better be lessened 
about 7*^; and I encountered similar difficulties to those which have 
been described under r Ophiuchi. The relative weights of the 
normal places were found by trial by the final derivation of the ele- 
ments that fix the situation of the ellipse. 

El^ients ef X Ophiuchi » S 2055. 

fi 157 21 « o'493o 

X 94 i6 P 233*89 years 

y 44 44 TT 1803-91 

a i"*i9 

44 BOotis was discovered by Herschel in 1781. He remarks 
that the components, with a power of 2^7» seemed almost to touch. 
They are both, between the fifth and sixth magnitude and nearly 
white. The system has a large proper motion. The distance in- 
creased rapidly, but the nature of the change of the angle troubled 
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astronomers for a long time. Sir J« Herschel thought that an orbit 
passing nearly through the eye and so situated that the longer axis 
of the ellipse into which it is projected shall form an angle of about 
sixty degrees with the meridian, would account for ** the remarkable 
jump the small star seems to have made from one side to the other 
of the large one.*' In 1833 he added that he had no longer any 
doubt that it would prove a very remarkable binary star ; and says, 
''granting a single mistake of lS(f in one of my father's measures, 
the history of its angles of partition is consistent with ao elliptic 
motion performed in a period of moderate length in an orbit highly 
inclined to the line of sight." I excluded the angle 62® 57' for 
1802, as I found it altogether different from that given by the inter-^ 
polating curve; but a writer in ' Nature' has since explained it to 
be 207^ 3', and given a proof of the accuracy of the elements to 
which I arrived, as he, according to them, obtains 206^55' for the 
same epoch* The first elements were obtained graphically after 
drawing tangents to the interpolating curve ; but the latter part of 
the curve is nearly horizontal, and I did not therefore attribute much 
weight to the distances obtained from the tangents. In the second 
orbit the distances observed aflter 1820 were nsed after they had 
been corrected by an interpolating curve, but both these orbits 
failed to represent the observations. I attributed this to the cir- 
cumstance that the interpolating curve between 1790 and 1820 was 
drawn by a pure guess ; and I therefore drew an ellipse of great 
eccentricity through the projected points corresponding to observa- 
tions made between 1820 and 1875, epoch and period being derived 
from Herschel's angle and a normal place for 1 870. The result 
was not satisfactory, but I obtained the elements given below by 
ioterpolationa between the three orbits wbich 1 had ooastrueted. 

Elements of 44 Bootis=2 1909. 

o I 

Q 65 29 e 07100 

X I 18 P 261*12 years 

y 70 S T 1783-01 

a 3"-o93 



If CassiopeiiB. 

71 Cassiopei» was first observed by Herschel in 1779* The com- 
ponents are of fourth and seventh magnitude, yellowish and purple. 
I obtained the first orbits by Herscbel's method, employing the dis- 
tances both as they followed from the tangents and as they followed 
from the observed distances according to an interpolating curve. The 
third orbit was constructed by drawing an ellipse between the two 
series of points, the difficulty being in this case the want of accuracy 
of the older distances. The orbit was obtained by interpolations 
between these different systems of elements. 

q2 
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Elements of i} CassiopeiaesS 60. 

G 39 57 « o'sSjs 

X 223 20 P 222*435 years 

y S3 so T 1909-24 

a 9"-83 

fA* BootiSm 

Ij? Bootis was discovered by Herachel in ITSI, when its compo- 
nents, which are both about the eighth magnitude and bluish or 
greenish, were a couple of seconds apart. But the measures soon 
became difficult from the rapid diminution in its distance. Its proper 
motion agrees with that of fc Bodtis. The orbit was obtained ex« 
elusively from the angles, the distances being only used in deriving 
the axis major. I employed Herschel's method repeatedly, and foK 
lowed up with equations of condition. 

Elements of /i« Bootis=2 1938. 

e 173 42 e 0-5974 

X 29 o P 280-29 years 

y 39 57 T 1863-51 

« i"'47 

36 Andromeda. 

S6 Andromedse is a close binary star, first measured by J. 
Herschel in 1830. The components are both pale yellow, and 
between the sixth and seventh magnitudes. The companion has only 
moved through an eighth of the circumference, while the distance 
increased from 0"'9 to r'*5 ; but I thought it interesting to try an 
orbital determination even now. I made use of HerscheFs method, 
obtaining the distances both by drawing tangents and by an inter- 
polating curve. 

Elements of 36 Andromed8B=2 73. 

e 57 54 « 0-6537 

X 142 19 P 349' 10 years 

y 41 39 T 1798-80 

« i"-54 

y Leonis* 

y Leonis was first measured by Herschel in 1782, when its motion 
was much faster than afterwards. The principal star is deep yellow, 
and between the second and third magnitude; the companion is pale 
yellow, and between the third and fourth magnitude. I found that 
the companion does not move in a straight line, so that its binary 
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character is proved, and I calculated its orbit, though it has only 
moved through thirty degrees. The elements were derived in the 
same manner as those of 36 Andromedas. I am at present correct- ' 
ing both orbits by equations of condition. 

Elements of y Leonis=2 1424. 

o t 

Q Ill 50 « 0*7390 

X 194 22 P 402*62 yean 

y 43 49 T 1741-" 

a a^'oo 

Herschel discovered in 1781 that <r Goronn was double; and in 
1802 he recognized its binary character. The components are of 
the sixth and seventh magnitude and both white, but the principal 
star is yellowish and the other bluish. The distance was in the 
commencement small, but afterwards it increased rapidly, thus ren- 
dering the observations much easier. The distance will continue to 
increase greatly. I employed Herschel's method in deriving a 
provisional orbit. When the construction was repeated all the ob- 
servations were represented, except for one short interval ; and I 
therefore prefered to correct the elements after Klinkerfues*s second 
method. In this I encountered unexpected difficulties, and only 
obtained the orbit after repeated solutions of the equations and 
several trials. I must refer for the particulars of this calculation to 
a forthcoming work of Messrs. Wilson and Gledhill, where thev 
have been given as an illustration of the application of thb method. 
We have as yet seen but a small part of the ellipse described; 
but this part of it has, of course, been so much the more observed, 
and so much the nearer are the measures lying to each other. Much 
more uncertainty must, however, always prevail about these slow- 
moving systems than about those of quicker revolution, apart from 
other considerations, at least because the angle changes so little in one 
observer's lifetimci that systematic corrections canuf»tso easily be as- 
certained — that is, if they are not known otherwise* O. Struve'a 
and Madlers observations on a Coronas seem affected with large 
systematic errors. Madler's angles are decidedly too large ; his first 
angles, when the position was very oblique, are much too lafge ; his 
later anglei>, when the position, went through 180°, are about right, 
and then the correction changes its sign. His distances are also too 
large ; but the deviation is likewise diminishing, and disappears at 
the end of the series. 

Elements of o Coronse BorealissS 2032. 

e 18 21 « 07515 

\ 71 36 P 845-86years 

y 31 22 T 1826-93 

a 5"-88s 
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a Geminorwn, 

m Geminoram is by far the finest double star in the northern sky. 
The components are between the second and third magnitude, and 
both nearly white. It was remarked and even observed very early, 
and subsequently it has been constantly measured, and its orbit has 
been often computed. In the first instance by Sir J. Herschel, 
perhaps prematurely, as he obtained a period of only two hundred 
and fifty years, while the true period must be nearer to a thousand 
years. The observations are, however, not quite so good as could 
be expected from so easy an object. The position-angles, in this 
instance as in many others, show rather regular deviations of a 
nature not to be explained by elliptic motion, the projected points 
being distributed in waves on both sides of the interpolating curve. 
As to the distance, although it is increasing, still roost of the mea- 
sures made by the same observer seem to diminish with the time ; 
and it is not unlikely that this is the case also, though in a less degree, 
when taking the measures on the whole. I obtained the orbit by 
equations of condition on the foundation of Thiele's orbit 

Elements of a Geminorum = 2 1 HO. 

8 27 46 e 0-3292 

X .»....297 13 P 1 00 1 '2 1 years 

y 44 33 T 17497s 

« 7""43 



The fundamental difficulty relating to binary stars arises evidently 
from the systematic deviations. It is easy enough to eliminate acci- 
dental errors and mistakes, but the method of least squares is not of 
the slightest use wherever the errors follow regular laws. Only too 
many observers, especially in years gone by, have entirely disregard- 
ed the existence of the latter ; and it is yet reserved to the scientific 
critic to ascertain the corrections their measures do require, and 
whole series of labours, where this is not feasible, will be thrown 
away as useless. Nowhere is W. Struve*s remark, " Errores perso- 
nales majori observantis attentione possunt diminui,** more out of 
place^ for the systematic errors are very marked in the case of some 
of the most experienced observers who have worked under most 
enviable circumstances ; and it thus appears at first glance that we 
cannot attribute these errors to neglect of some precaution or other 
in taking the measures. Whereas the beginner may consider it im- 
possible that constant errors should be found in operations appa- 
rently so simple, the experienced investigator on looking back at the 
vast number of precautions he has had to devise to obviate the pos- 
sibility of errors creeping into his results, may easily attribute the 
failure of others to neglect of one or other of these precautions ; and 
very forced and trivial hypotheses not only may but actually have 
been started to explain the origin of systematic differences. W. 
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Struve dbserved artificial double stairs, atid tbas convtn<6ed himself 
that his measures were free from constant errors. Bessel was the 
first to criticise this method. He urged the different circumstances 
under which the terrestrial and the celestial ol)seryations were made» 
and particularly the circumstance that while invariably only one 
artificial star is bisected at the time, on the contrary, it is generally 
necessary to look at both the stars in the sky simultaneously owing 
to imperfections in the driving-clock ; and he found this surmise con- 
firmed by the fact that while the difierence between his and Struve/s 
distances was large for average distances, it disappeared for very 
large or very small distances. The driving-clocks made in Munich 
were rather weak, and in particular is this the case with the large 
refractor in Pulkowa. W. Struve, however, spoke well of the clock 
that drove the refractor in Dorpat After this the results derived 
from artificial fixed double stars had hardly any supporters except 
O. Struve, the follower of W. Struve. With intervals of about tea 
years this astronomer has examined his exceedingly large systematic 
deviations by aid of artificial objects near the horizon. And although 
his results do not perfectly agree with those of other investigators, 
even after the corrections, it must be admitted that we possess here 
a most valuable contribution to the study of the nature and change 
of these errors, and his measures are for this reason likely to be of 
lasting value. Dawes, the English observer, so famous for his accu- 
racy, found also large errors in his measures. He thought to ob- 
viate them by placing the stars always vertically the one above the 
other by aid of a prism ; but of course thereby only the influence of 
the angle of position is eliminated. O. Struve objected that the 
prism might injure the quality of the telescopic images and occasion 
errors of a difierent kind ; but any optician will make a prism that will 
not impair the definition, and, moreover, the wires would undergo 
the same dbitortion as the centres of the stellar disks. I have pro- 
posed to use Dawes's prism on the sky for determining the influence 
of the position-angle for various distances, or to combine the use of 
it on artificial objects with W« Struve*s original apparatus. This 
would be Easier than to use O. Struve's apparatus. The observers 
in Cincinnati incline their heads so that the line joining the two 
stars is either parallel or normal tO the horizontal section of their 
eyes, as Dawes proposed to do, though only in case the inclination 
of the head required was small. They derive corrections to be ap- 
plied respectively to their measures in the two situations by a com- 
parison between tlieir results. It must be confessed that this is far 
more satisfactory than the method followed in Rugby, where the 
measures of a number of observers are treated all as one whole; but 
withal it is preferable not to have more than a couple of observers 
working with the same instrument. The following experiment is 
perhaps not unworthy of notice. With the refractor in Dunsink* 
Dr. Ball and I observed together the position -angles of the follow* 
ing binary stars (but perhaps the same drawba<ik is attached to thitf 
experiment as to many of the attempts made to find out a constant 
difference through direct comparison — uncertain focussing) :^* 



Digitized by 



Google 



216 Binary Stars. [No. 19. 

Epoch 1878-4>ld. Power 500. Steadinefls Y^ry good. 

Name. Ball Boberck. B-D. Hour-angle. Definition. 

„ o o o ^ 

{Bootis... 293-02 298*38 — 5*36 +o'7 Rather good. 

S 181^ ... i4"30 19*12 — 4*82 +0-6 Very bad. 

c Bootxs... 321*38 332*45 —11*07 +i'6 Very bad. 

{Bootis... 283*08 279*03 + 4*05 -fi*7 Very bad. 

The much-respected living double-star observer, Dembowski, is 
generally supposed to be entirely free from systematic errors ; but 
with praiseworthy diligence he has nevertheless thought fit to sub- 
ject this circumstance to a minute scrutiny. He has to this end 
made a list of the following U objects, where the motions are in- 
sensible or at least insignificant, which he is observing on an ave- 
rage 5 times each in each of the 24 hours star-time — a labour of 
hitherto unsurpassed extent, and which b likely to lead to most in- 
teresting results*. 

Name. B.A. 1875*0 Dec Class. BCag. 

h m 01 

S 170 I 43'9 -f 75 36 III. 6*7, 7*8 

2 191 I 52*1 73 15 IV. 6, 8*9 

S 1169 7 57*2 79 52 VII. 7*8, 8 

S 1321 9 ^'o 53 14 VII. 7*8, 7*8 

2 1350 9 23-9 67 21 V, 7, 7*8 

2 1603 12 1*9 56 10 VII. 7, 7*8 

2 1685 12 45*7 19 51 VI. 7, 7*8 

S 2034 16 4*2 83 59 II. 7*8, 8 

S 2326 18 17*5 81 27 VI. 7*8, 8*9 

02 353 18 22-6 71 16 I. 5, 7 

02 363 18 43*5 77 34 I. 7, 7 

S 2452 18 57-8 74 37 IV. 6*7, 7*8 

2 2571 19 35-3 78 o V. 78, 8 

2 2603 19 48*6 69 57 III. 4, 7*8 

2 2675 20 13*1 77 20 IV. 4, 8 

2 2796 21 18*0 78 4 VIII. 7*8, 9 

22801 21 22*2 79 49 II. 7*8, 8 

2 2806 21 27*0 70 I VI. 3, 8 

S 2893 22 10*6 72 41 VIII. 5*6, 7*8 

2 2924 22 29*4 69 17 I. 7, 7*8 

S 2923 22 29*7 69 44 V. 7, 9 

OS 481 22 41*8 77 52 III. 7, 9 

02 489 23 3*9 74 43 II. 5, 7*8 

23051 23 56*3 79 35 VII. 7*8, 9*10 

* For oonvenienoe' sake, and in order to avoid any bias from the results 
being known beforehand, the distances are expressed in Struve*8 daases: L 
0"-r', n. l"-2", III. 2"-4", IV. 4"-8", V. 8"-12", VL 12'-16", VEL 
16"-24", Vin. 24"-32". IX. 82"-64". 
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Strave and Dun6r have promised to join Dembowski in his in« 
vestigation, though they do not intend to carry it out so far as he. 
Winnecke and Hall will make similar observations, but it is not 
known to what extent At Hall's proposal Struve has added the 
following six objects : — 



Name. 


B.A. 1875-0 Dec 


Olua. 


Mag. 


t, 244 


n m 

6 37-7 


/ 
+43 42 


IX. 


5-6. 8-9 


» 350 


9 29-1 


14 56 


IX. 


5-6, 8 


S149S 


10 52'I 


59 35 


IX. 


6, 89 


» 455 


14 117 


51 57 


IX. 


5. 7-8 


» 549 


17 29-8 


55 16 


IX. 


4-5. 45 


» 593 


18 45-S 


33 13 


IX. 


3. 67 



It would hardly be advisable for very recent observers to join 
these mature men in their extensive research, because the systema- 
tic errors are changeable in the commencement. They cannot then 
be termed constant errors. But some objects might be measured 
with various magnifying-powers in different hour-angles. Christie 
has remarked that systematic errors might be ascertained by mea- 
suring the luminous rings with which the bright stars are surrounded; 
but perhaps objections might be raised because the respective pheno- 
mena are so dissimilar; but they might be determined by comparing 
the micrometric measures with the results of oblique transits, par- 
ticularly if made chronographically. In particular, the systematic 
errors that affect the distances could, with sufficient approximation, 
be determined in this way, while the angles might be tried with the 
prism. 

W. DOBERCK. 



The Pulkowa Double-star Observations. — Part II, 

With regard to the possible existence of constant differences be- 
tween the measures made by him at different epochs, M. Struve 
finds, by comparing observations of double stars having no percep- 
tible relative motion, that there is no trace of any such differences, 
either for position-angles or distances, since 1853 ; so that the cor^ 
rections deduced from his observations of artificial double stars 
apply with the same force to all the measures made since that date. 
With regard to the observations made during the period 1S39-1853, 
a superficial inspection of the results shows that the distances mea- 
sured in the first three years are, with few exceptions, considerably 
greater than those of the years immediately following ; on the other 
hand, the latter are smaller than those made after 1853; it also ap- 
pears that the manner of observing position- angles changed about 
the year 1843. M. Struve then divides the measures made befora 
1853 into two periods, the first extending from the commencement 
of the measures in 1839 to 1843, the second from 1843 to 1853 ; 
and he compares the observations made during these two periods 
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with the later measures to which his empirical formalsB directly 
apply. The results of this comparisoD lead to very importaut coo*» 
clusioiis. It appears, first of all, that the measures of position** 
angles made during the first period 1839- 1843 may be regarded as 
entirely free from erroro of the nature of those which are expressed 
by the constant term of the formula (A). On the other hand, the 
comparison of the observations made from 1843-1853 shows that, 
for stars whose components are some distance apart, there is a 
perfect agreement between the position-angles measured during this 
period and during later years ; whilst for close pairs there is .reason 
to suppose that M. Struve has measured their position-angles in the 
same manner as before 1843, but there are not a sufficient number 
of observations of these close stars to enable him to be quite certain 
on this point. For the distances measured in these two periods, M. 
Struve finds that the constant correction — o"*o8i should be applied 
to the observations made from 1839-1843, and +o"*o7i t6 those 
made from 1 843-1 853, to reduce them to the standard of the mea" 
surea made after the latter date. The existence of constant difler- 
ences of considerable magnitude between the measures of the three 
periods is thus distinctly shown, but M. Struve can throw no light 
on the origin of these diflerences. Neither in 1843, ^^^ about 
1853, does be know of any thing having happened that could account 
for this phenomenon. With respect to the distances, it might per^ 
haps be suspected that having remarked in 1841 that his own were 
in general greater than his father's, M. Struve might have been after* 
wards influenced by this knowledge. However, this suspicion loses 
its weight when it is considered that it does not apply to the change 
made at the same time in the measures of position-angles, nor to 
that made in the manner of observing distances about the year 1853. 
In fact, it was only during the course of the preparation of this 
Introduction that M. Struve undertook, for the first time, a direct 
comparison of the observations made in the three periods. 

From a comparison of M. Struve*s observations with those of hia 
father, it appears that the position->ahgle8 measured by the latter 
have the same right to be considered free from constant errors as 
those of the former have for the period 1839-1843. With regard 
to the measures of distance, the very close pairs have been observed 
by W. Struve with almost perfect accuracy ; but from distances of 
2 ' and upwards the measures are all too small. The error attains 
its maximum value of about a quarter of a second for distances of 
from 6" to 8\ In this respect, also, there is a great resemblance 
between the manner of observing followed by both the Struves, as 
Is very clearly seen by referring to the curves which M. Struve has 
laid down repre^nting the absolute corrections to distances as ob^ 
served by several astronomers. One of the most interesting of these 
curves is that representing the absolute corrections to distances of 
double stars as measured by Bessel with the Konigsberg heliometer. 
Those readers of the • Observatory ' who are familiar with the history 
of Astronomy will remember that, about the year 1831, Bessel and 
W. Struve undertook in concert the observations of distances of 
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double «tars, the one with the Konigsberg heliometer, the other with 
the Dorpat refractor, and that a comparison of the observations 
showed considerable differences in the measures. Some of these may 
be represented bj the following table : — 
Dist. 

2'89 2saB*-o*i99 

5*6o — 0*265 

i2*oo — 0*169 

By applying, however, to 2 the absolute corrections as deter- 
mined by M. Otto Struve for the same distances, we obtain for dis- 
tances measured by Bessel the absolute corrections : — 

Dist. 

" ft " 

2*89 — 0*055 

560 —0-042 

I2*00 +0*017 

It follows that, beginning from about 5" distance, the greater 
distances have been measured by Bessel with almost absolute exact- 
ness. With regard to the negative corrections to the smaller dis- 
tances, M. Struve believes them to be real, notwithstanding the in- 
direct method by which they have been obtained ; but he admits 
that the numerical values are subject to probable errors of conside- 
rable magnitude. 

M. Struve also compares his measures of double stars with those 
of Dawes, Dembowski, Secchi, and Dun^r. The following rSsumS 
gives the general result of the comparisons. Constant errors in the 
measurement of position-angles do not appear to exist in the obser- 
vations of M. Dembowski ; the measures of Dawes indicate the 
necessity of a correction in the same direction as those of M . Struve 
in his later observations ; on the other hand, tho»e of Secchi and, 
in a greater degree, those of M. Dun6r show an opposite tendency. 
There are, in certain cases, indications of the existence of errors 
varying with the direction of the stars with respect to the vertical, 
but there are not sufficient materials furnished by published obser- 
vations to enable one to pronounce with certainty on this point. M. 
Struve recommends to all observers of double stars who wish their 
measures to have the greatest possible degree of accuracy, either to 
undertake independent researches on artificial stars, or to follow the 
example of Baron Dembowski, who, for this purpose, proposes to 
measure certain double stars near the pole several times during each 
hour of their diurnal path. 

From the comparisons of measures of distances, it appears that 
the distances of close pairs as measured by these observers are 
only subject to small con^^tant errors. For distances of from 1" to 
2" the measures of M. Dembowski are almost perfectly accurate, 
but those of Dawes require negative corrections, and those of Secchi 
positive corrections of considerable magnitude; for M. Dun6r's 
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measures the corrections, although insensible for very close pairs, 
soon become considerable and in the positive direction. From 2" 
upwards, the positive corrections to the measures of M. Dembowski 
increase rapidly, and attain their maximum value at about the dis- 
tance of 6", thus presenting a remarkable agreement with the ob- 
servations of W. Struve. The corrections of the distances mea- 
sured by Dawes pass at the distance of 4" from negative to positive, 
and increase gradually in the same direction. The distances mea- 
sured by Secchi and M. Dun6r agree in requiring a maximum posi- 
tive correction at about 10''. The data are not sufficiently nume- 
rous to enable the corrections to measures of greater distances to be 
accurately determined ; but it appears that in general they are mea- 
sured by all the observers without constant errors of any conside- 
rable magnitude. Finally M. Struve recommends to all other 
astronomers whose measures of double stars have not been discussed 
by him on this occasion that they should connect their measures 
with the same system of corrections by carefully comparing them 
with one or other of the more extended series which have been the 
subjects of the preceding comparison. 

- In the observations of double stars contained in this volume, M« 
Struve has generally followed the methods pursued by his father ; 
there are, however, a few differences in detail which it may be worth 
while to notice. 

With the immediate object of collecting in a short space of time 
a certain number of measures of each star of his catalogue, W. 
Struve was generally content M'ith making on the same occasion a 
iftingle measure of double distance and two readings of position- 
angle of each pair of stars. It was only towards the end of his 
Dorpat observations, since the year 1835, ^^^^ being desirous of 
obtaining more exact positions for systems in rapid motion, he in- 
creased the number of measures made on each system. It will 
appear from the following details of M. O. Struve's method of ob- 
serving, which may serve as useful hints to those engaged on similar 
work, that the only important difference between the observations 
of W. Struve and O. Struve consists in the fact that the determina- 
tions of each night have been rather more carefully made by the 
Ifitter. 

1. A complete observation ordinarily consisted of two measured 
of double distance and three readings of position -angle. If the 
measures did not agree well, or if the images were not good, M. 
Struve has frequently made one or two supplementary measures of 
one or other of the coordinates. 

2. The measures of double stars have been made in general under 
good atmospheric conditions. When the images did not appear 
satisfactory for the higher magnifying-powers, M. Struve has pre- 
ferred to turn to stars whose components are at a greater distance 
apart, which can be observed with lower powers, or else to cease 
observing altogether for the night. 

3* The stars with rapid orbital motion, and in general the 



Digitized by 



Google 



1878.] Pulkowa DmAle-star Observations. 21^1 

^lueida ** of the Dorpat Catalogue, have been observed by prefer- 
ence about an hour before or after sunset, the time of day ordinarily 
the most favourable at Pulkowa for steadiness of the images* On 
the other hand, the stars of the Pulkowa Catalogue, as the com- 
panions are frequently very faint, have been observed after dark. 

4. Between each pair of successive measures of double distance, 
the point of coincidence of the micrometer-wires was changed about 
half a revolution of the micrometer-head ; by this means M. Struve 
has endeavoured to make the observations perfectly independent. 
At the same time, if there were any eccentricity in the micrometer- 
screw its effect would be thus nearly destroyed. 

5. In the observation of position-angles of double stars the com- 
ponents of which are within a distance of 32", M« Struve has never 
employed the fine screw attached to the position-circle. To render 
the successive readings more independent of each other, he has 
always turned the micrometer-wires some distance away from the 
direction which is to be measured, sometimes on one side and some- 
times on the other. On the other hand, in the observation of posi- 
tion-angles of stars exceeding 32" in distance the fine screw has 
always been used; in this case M. Struve has always taken ^tir 
readings of the position-angle, placing the wires parallel to the 
direction of the stars, twice by a motion in one direction, and twice 
by a motion in the opposite direction. 

The effect of the greater care bestowed by M. O. Struve on the 
observations shows itself very distinctly in the considerable diminu- 
tion of the probable errors of observations of distances compared 
with those of W. Struve ; and, in a lesser degree, the same thing 
holds for the position-angles, although for these the balance in 
favour of M . O. Struve is very slight. In fact, for the latter's 
observations the exactness of the distances surpasses that of the 
position-angle, but for W. Struve's observations the position-angles 
are measured with the greater accuracy. 

For W. Strare, Mean prob. error of an obeerration uf distanoe = ±o"'i5o 



For O. Struve, „ „ „ aistance =:i:o"'ioa 

,» »» f> »» po8ition-angle=±i**ij 

In this volume there are occasionally to be found more detailed 
discussions on the relative motions of certain stars. M. Struve hopes 
that these will interest astronomers engaged in similar researches ; 
but he is convinced that all the discussions, and the conclusions to 
which they lead, would have gained considerably in value if he could 
have availed himself of the researches and comparisons contained in 
the Introduction. But this was, of course, impossible, as the obser- 
vations themselves have been used in these investigations. The 
distances measured have been reduced throughout the volume with 
the angular value of a revolution of the micrometer-screw first 
adopted (deduced from transits of stars) and not that given above ; 
and the corrections for systematic errors have been computed fron^ 
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formulae deduced by M. Struve in 1867, aad not from hisdefmitive 
formulae (A) aud (B) ; in fact^ M. Struve states that his measures 
as published 10 this volume, like the mass of observations of double 
stars made by other astronomers, are only to be regarded as preli- 
minary or approximate researches. However, any one wishing to 
do so can easily enough apply to the observed quantities the defini- 
tive corrections deduced by M. Struve from his observations of ar- 
tificial double stars, and some other corrections, the necessity of 
which he points out. 

As examples of M. Struve's method of treatment, I may refer to 
his discussion of the well-known systems Castor aud 61 Cygni, 

Castor. — The components are set down in order of magaitude, 
A =2*7, B=3'7, C=9"5. We have first the separate observations 
of distances and position-angles of A and B, with the corrected 
quantities in parallel columns ; then come the mean values of the 
corrected quantities, taking about five separate observations toge- 
ther. From an inspection of these mean values, it appears that the 
measures of the last ten years indicate that about the year 1872 the 
distance betweeen the two stars was at its maximum, and that it 
now appears to be diminishing considerably. The time has then 
come when an attempt to calculate the orbit might be made with 
some chance of success, supposing that the effect of the third star, 
on account of the greater apparent distance, is insensible. It would 
be possible, at least, to examine to what degree the two principal 
stars, in their relative orbit, follow the laws of Kepler, and thus to 
arrive at general conclusions as to the relative mass and real dis- 
tance of the third small star, the physical counexion of which with 
the principal system is proved by the almost perfect identity of its 
rather large proper motion with that of the brighter stars. M. Struve 
then gives the observations of the distances and position-angles of 
A and C, combining the measures of W. Struve and M. Dem- 
bowski with his own, and thus deduces the corresponding relations 
between the small star and the mean of the two brighter ones. 
These values, compared with those previously found by W. Strure, 
show that the change of distance has been considerably less, and that 
of position-angle greater than was to be expected from the determi- 
nation of relative motion made by W. Struve. This is to be 
accounted for partly by the fact that W* Struve gave too great a 
weight to a single observation of his made in 1829. and it is partly 
owing to an extraordinary accumulation of accidental errors in M. O. 
Struve's measures from 1851-1853. On this account the calcula- 
tion of the relative motion has been repeated with the result that 
the secular change in the position of the small star, with respect to 
the mean of the brighter stars, is in R.A. =— 3"'i, and in Dec. 
s=-f ©''•J, in place of — 1"*3 and +3"'8 respectively, found by W. 
Struve. In the absence of all knowledge of the position of the 
common centre of gravity of the system, it is impossible to tell 
to what degree these changes ought to be attrrbmted to orbital 
motion. 

61 CygfiL — The magnitudes of the components are 5*3 and 5*9, 
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By making use of W. Struve's observations we have a series extend-* 
iDg from the epoch 1830*68 to 1874-74. The mean values of the 
observed quantities are then reduced to differences of R.A. and of 
Dec. ; from which it appears that between 1830 and 1852 the X R.A. 
increased i"*43, but from 1852 to 1874 the increase has only beea 
o"*52. It is evident, then, that the supposition of a uniform rectilinear 
motion no longer satisfies the observation. This is more apparent 
when the data are treated by the method of least squares; it is then 
seen that the differences between the observed and calculated valuea 
of A R.A. are considerably greater than is consistent with theaccuracy 
of the measures. These differences disappear almost entirely when 
a term is added to the equations involving the square of the time ; 
so that, instead of a uniform rectilinear motion, as the comparison 
of measures made from 1830-1852 with former obsej*vations seemed 
to indicate, there is good reason to believe in the existence of an 
orbital movement. 

But it would take up too much space were I to draw attention 
to more of the conclusions to which M. Struve is led from a discus^ 
aion of his observations ; of course those who are interested in the 
subject will refer to the book itself. I would merely remind such 
that the corrected distances and position -angles given in the volume 
require to be still further corrected to bring them» in M. Struve'a 
Opinion, to the greatest attainable degree of accuracy. 

We have, then, in this volume, observations extending over a 
period of 37 years, which cannot fail to be of great interest to those 
who are engaged in similar researches, the greater as the measures 
extend through such a number of years. In such a case as this 
there is, no doubt, an advantage in deferred publication if we can 
be sure that this does not mean total suppression, but there is always 
more or less danger of this catastrophe. Let us hope that M« Struve 
will be able shortly to publish his next volume, which he expect^ 
will give him an opportunity of resuming the discussion of the rela- 
tive motions of certain stars, and of increasing the importance of his 
researches by comparing the relative motions with the proper mo* 
tions deduced from meridian observations made at Dorpat and at 
Pulkowa* I need not say that all English astronomers will gladly 
welcome the appearance of Volume x. of the Ohservaium$ de PouU 
kova. A* W. Downing. 



CORRESPONDENCE, 

To the Editor of *The Observatory.* 

The Variable Star T Corona, and Prof. NeiocomVe 

^Popular Astronomy* 

Sir,— 

A passage in Prof. Newcomb's recently-pablished 'Popular 
Astronomy/ respecting the discovery of the remarkable variability 
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of the star T Coronse in the year 1866, recalls to mind the contro- 
yersy which arose as to the time of that discovery, and by implica- 
tion the degree of rapidity with which the extraordinary increase of 
brightness took place. The iirst person in Europe who saw the 
star with the naked eye appears undoubtedly to have been Mr. 
Birmingham, at Millbrook, near Tuam, Ireland, who noticed it on 
the night of May 12, 1866, between ii** 30™ and ii** 45", Tuam 
M.T. (between 12*^0"* and 12** 15™ G.M.T.), and considered it 
to be "fully equal to a Coronse in size, and superior to it in bright^ 
nesi«"; in another account, " very brilliant, of about the 2nd mag- 
nitude "*. Later on the same night it was independently noticed by 
Mr. Farquhar, of the Patent Office at Washingtont, of which the 
longitude is about 5^ west of Greenwich ; and on the following 
night (May 13) by several observers, particularly by Dr. Julius 
Schmidt, Director of the Observatory at Athens^ ,'and by M. Cour- 
bebaisse, an engineer at Rocheforl§. The latter remarked that 
he was watching the constellation on May 11 and saw nothing then 
of the stranger. But Dr. Schmidt went further and was positive 
that no star was conspicuously visible there to the naked eye on pre- 
vious nights, including the preceding night, May 12, up to 9*^ 45* 
(Athens time, corresponding to about 8^ lo*^ at Greenwich), when 
he was particularly observing the constellation, seeking for the 
variable R Coronae ; whilst on May 13, as soon as the sky was 
sufficiently dark, and even before the twilight had quite gone, he 
was immediately struck by the appearance of the new star, which 
completely altered the familiar shape of the constellation. 

It is scarcely necessary now to refer to the claim of Mr. Barker, 
of London, Canada West, after the discovery was published, to have 
seen the star more than a week before, as early, indeed, as May 4 ; 
for this has been disproved by Mr. Stone's letter in the * Monthly 
Notices/ Vol. xxvii. p. 57. But some time afterwards, Mr. Walter, 
Surgeon of the 4th Regiment, stationed in North India, wrote to 
Mr* Stone II, and stated that he had seen the star in question at 
about 8 o'clock on the evening of May 12 ; which time, as the lon- 
gitude of his station was 78° ^^' east, would correspond to about 
2*^ 45°* at Greenwich, and 4** 15" at Athens. Mr. Walter described 
the star as quite as large and bright as (if not rather more so 
than) a Coronae. If he has not made an error of a day in recording 
the date of his observation, be was probably the first to notice the 
star; and the star, contrary to Dr. Schmidt's negative evidence, must 
have been visible in Europe as soon as it was dark on the evening 
of May 12. But Mr. Walter's account was written so long after 
the obeervation that I nannot but think it likely that his observation 
was made on May 13 instead of 12. 

Such is a statement of the facts as far as they are known ; and 

* Monthly Notices, VoL xxvi. pp. 310, 175. 

t Astronomiflche Nachriohten, VoL Ixvii p. 201. 

ilbid. p. 87. § Ibid, p. 31. 

* Monthly NoUooe,' YoL zzvii p. 316. 
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we will now refer to Prof. Newcomb's history of the matter, which 
is erroneous in two particulars. He says (p. 432), '<0n the nth 
and 1 2th of that month '* (t. e. May) *' it was remarked independently 
by at least five observers in Europe and America, one of the first 
being Mr. Farquhar, of the United States Patent OfBce." Now, on 
reference to the ^ Astronomische Nachrichten* in the place before 
mentioned*, it will be seen that Mr. Farquhar's observation was on 
May 12, so that if any one saw it on May 11 (of which I can find 
no satisfactory evidence), Mr. Farquhar could not have been '* one 
of the first." Further on Prof. Newcomb stfys, " Schmidt, of Athens, 
asserts in the most positive manner that the star was not there on 
Hay loth, because he was then scanning that part of the heavens, 
and would certainly have noticed it" I presume there is a printerV 
error here, for Prof. Newcomb can hardly have overlooked the im- 
portance of the date, and that Dr. Schmidt twice insisted upon it 
(the second time in a letter to myself dated October 20, 1866, and 
printed in the 'Astronomische Nachrichten,' No. 161 5, Vol. Ixviii. 
p* 105), that the star was not visible to the naked eye up to at least 
10 o'clock on the 12th of May. 

I do not know whether you will think the above remarks worth 
a place in the widely-diifused ' Observatory ' ; but it appears to me 
that Prof. Newcomb's book is so excellent and useful that it is de« 
sirable that such errors as those I have alluded to should be made 
generally known. The question, too, of the suddenness of the out* 
burst of T Goronse is an interesting one. 

I am, Sir, yours faithfully, 

Blaokheath, 1878, Sept. 23. W. T. Ltkk. 

Relative Brightness of Venus and Mercury. 

Sir,— 

Having been impressed on many occasions (while observing 
Venus and Mercury during daylight) with the great relative bright* 
ness of Venus as compared with Mercury, I availed myself of the 
very favourable conditions which their dose conjunction this daj; 
afforded me to make a careful comparison of the relative brightness 
of the two planets when they were in the field of the telescope to« 
gether. It is difiicult to assign any very exact ratio of the bright* 
ness of two such objects ; but certainly the conditions for the attempt 
were peculiarly favourable. So far as my judgment serves on such a 
subject, the result of my observation is that I feel I should not be 
far from correct if I stated that I consider the brigbtness of Venua 
to be quite twice as great as that of Mercury, or somewhat like the 
difference in that respect between clean silver and clean fresh-cut 
lead. 

The relative deficiency of the brightness of Mercury is the more 
remarkable, as, considering the much greater nearness of Mercury ta 
the Sun, his brightness ought to be fully three times greater thail 

• Vol. Ixvii p, »oi. 

VOL. II« R 
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tbat of VennSy whereas it appears to me to be quite the contrary, thus 
indicating some very special condition of the surface of Mercury or 
of his envelope in so remarkably modifying the action of the sunshine 
on his surface as to reduce in so great a degree the brightness 
of the light he reflects. I trust the very favourable conditions 
>IFhich fortunately attended this remarkable conjunction will have led 
many who are possessed of suitable instruments to observe it ; and 
I hope the subject of this note has attracted the notice of several 
pbserversy and that the question may receive the careful attention it 
appears to me to deserve. The telescope I employed on this occa- 
sion was a fine equatoreal refractor by Cooke, of York» 8 inchea 
aperture. The powers used were 80 and 120. The sky perfectly 
cleao and the air in fine condition for sharp definition. 

I am, yours very truly, 
Fenflhuitt, Kent, JaMSS NasMTTH. 

(Sept. ft6, 1878. 

Cof^unction qf Mercury and Venu$. 

Sir.— 
On Sept. 95, at about i*j\ when twilight had become too strooff 
ibr further meteor-observations, Mercury and Venus, about 6^ or 7 
above the £. horizon, and distant less than 20' from each other, 
formed a rare spectacle. I saw them first at 16*^ 28"^, and they con- 
tinued in view of the naked eye until 17^ 40"^, when Mercury was 
lost in the increasing daylight Both planets scintillated strongly, 
notably Mercury, whose light exhibited very quick fluctuations. In 
point of brightness he must have exceeded the ist mag. ; for I made 
comparisons with a Leouis (about 15° W.), and found that star 
dsiappeared at 17^ 31", or 9"^ before the planet, though the latter 
was fkr more deeply immersed in the twilight. 

The night was extremely clear, and after 15^ the zodiacal light be- 
came very striking amongst the stars of Leo and Cancer. We are 
just arriving at the best season for a.m. observations of this pheno- 
aaenon. Last October it was seen here very plainly on every fine 
morning. 

Ashleydown, BristoL Yours faithfully, 

Sept. 16. W. F. Dbnmino. 

Obiervatiani ofJ%qriter at Adelaide^. 

81R,— 

By to-day*s mail I send the following for the R.A.S., viz.:— 
Observations of Transits, Occultations, and Eclipses of Jupiter*a 
Satellites in 2877 ; Total Eclipse of the Moon, 1877, Feb. 28 ; 
Partial Eclipse of the Sun, 1878, Feb. 2 ; Transit of Mercury, 1878. 
May 6. A few sets of east and west parallax observations of Mara 
at opposition were taken, which I roust send you in a future letter. 
The same sets comprise a large number of difierential measurements 

• Oommamcated by the Astronomer BoyaL 
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of R. A. ; but ray chronograph was not very good, And the instru*' 
ment required a better clamp in R.A. The observations may, how* 
.ever, possess some value, and I will therefore send them for what 
they are worth. With a better R. A. clamp, which I will make, and 
a new chronograph I have made since, I think I shall be able to 
secure better results in future. 

"With regard to Jupiter, the visibility of the satellites through the 
edge of the planet has been very carefully looked for ; and on two 
occasions I felt quite certain I saw the satellite at occultatioa 
Within the dij»k, viz. on June 19 at occultation disappearance of 
^Sat. IF., and on July 2 at disappearance of Sat. I. Mr. Ringwood 
also saw the same phenomenon at disappearance of Sat. II. on 
August 29. I thought I could see Sat. III. through the limb at 
teappearance on June 9, and Sat. II. at disappearance July 21, but 
could not be certain. In every other case the occultation was 
perfect at the limb. On June 19 Sat. II. was visible through the 
white belt south of the equator, and on July 2 Sat I. was seen for 
the space of one minute through the southern dark belt"^. It would 
be interesting to know whether this has been seen by other obser« 
vers. The definition on each occasion was very good, or I should 
think I might be deceived. I may mention that the other evening 
1 was surprised to see Sat. IV. in transit appear as a dark spot in« 
stead of the usual bright point when on the less illumined surface 
near the edge of the planet ; in fact it was at entry nearly as black 
as its shadow, which was just passing off on the other side. This I 
know has been seen belbre, both with Satellites III. and IV», and 
must, I presume, be attributed to one side of the satellite reflect- 
ing less light than the other, or else to some violent changes in its 
atmosphere. Before it came on to the dbk I noticed that it was 
fainter than usual. 

It may be worth recording, perhaps, that in 1877 the dark belts 
of Jupiter had not, to my eye at least, the same bright metallio 
lustre that they had in 1876, but appeared to be covered with a thin 
Laze and looked foggy; and this year the southern dark belt is 
seldom so highly coloured or so well-defined as the northern one* 
AdtUide ObsePFatory. I am, Sir, yours faithfully, 

1 878, August 8. C. ToDD. 

[Mr. Todd's observations include two eclipses of Sat. IV., in the 
irst of which (1877, Aug. 29) the satellite never disappeared, but 
was reduced to a mere speck of light skirting the margin of the 
shadow — a very important observation^— Ed.] 

The Moon. 
Sir,— 

In the ^Observatory' for October 1878, No. 18, p. 192, the 
following passage occurs: — '*0n Aug. 17 I made a comparison 

'*' [Boring this time it would have moved throngh a spaoe of about (V'-d within 

r2 
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witb a star 9-10 mag. ; but unfortunately the latter is not to be 
found in any catalogue. What a gigantic task lies hrfcre adroMh 
mers — to catalogue all star* doum to the ninth magnitude ! How 
Hseful it would be, and how pleasant to find a catalogued star on 
making comparisons r And in a note on page 169, the fiivtin No. 18, 
^ Double Stan are now-a-days observed in over twenty large obser- 
▼atories. Small series of measures taken by inexpert amateun 
would therefore seem to be of minor importance, so much more as 
want of system prevents thorough examination of a small number 
of results. In some such cases it might even be difficult to ascer* 
tain whether the measures were made hondftdsr 

May I ask, Mr. Editor, permission to offer a remark or two in 
connexion with these passages in reference to the Moon. It would 
appear that the mapping of the Moon has attained a degree of 
development which it is difficult to conceive can be surpassed. 
There can be no doubt that many astronomers will consider that 
the magnificent production of Schmidt leaves nothing to be desired! 
We believe that as far back as 1863 an important desideratum in 
Selenography was suggested, namely, '* A Catalogue of Lunar Ob- 
jects." In the words of the first passage above quoted, we may say, 
** What a gigantic task lies before aelenographers — to catalogue all 
the craters on the Moon's surface, from the magnificent Copendeus 
to the most minute craterlet that can be discerned with the largest 
lens or mirror." *< You may as well attempt to catalogue the pebbles 
on the sea-shore," said a well-known astronomer shortly al^er the 
above suggestion had been acted upon and a catalogue had been 
commenced. Although this catalogue was commenced on a syste- 
matic plan, but small progress has been made ; for out of the 32856 
craters given by Schmidt not more than 2000 objects, including 
mountains, have been entered in the Registry provided for the pur- 
pose. On comparing a few of these published objects with Schmidt's 
map it has been found that some are not in it^ a fact calling for a 
most careful examination of Schmidt's map, not for the purpose of 
depreciating the greatest selenographical work that has yet appeared, 
but for the real advancement of Selenography ; and as the work 
proceeds how pleasant will it be to find that the smaller registered 
objects become well hnown to the careful and persevering observer, 
so much so that a new formation may be easily detected! And this 
leads to a remark on the observations of mere amateurs* A good 
opportunity, by the publication of Schmidt's map, is now afforded 
for taking up the study of Selenography in earnest; sketches of iso- 
lated regions and catalogues of the objects seen and numbered, 
without reference to work previously effected, oftentimes by inex- 
pert amateurs, will now become of minor importance; the work 
must be taken up thoroughly, systematically, and energetically, 
Schmidt's map being made the basis of operations. The examina- 
tion of each district should be undertaken by at least three obser- 
vers; a tracing from the map of the district choscA should be fur- 
nished to them, and a well-known Selenographer appointed to 
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examine the observations. If twelve observers were to mdertake 
four neighbouring districts, one of each party of three emplojing 
telescopes of large aperture, much good work might be effected 
towards extending the number of catalogued objecti now before the 
public. Gentlemen who may be inclined to take part in this work 
will obtain every information by applying to Herbert Sadler, Esq., 
Honorary Secretair of the Selenographical Society, 32 Manor 
Street, Clapham, S. W., a society having for its object the advance- 
ment of our knowledge of the Moon's surface, and the changes it 
may undergo, so far as observation may assist us in detecting them. 

I am, Sir, yours faithfully, 
Stratford, W. R, BiRT. 

1S78, October S. 

Sir,— 

In the <' List of Double Stars for October 1878,** given in 
the ' Observatoiy ' for that month, p. 186, the colours of the treble 
star y Andromedae are stated to be golden, green, and blue. 

I can, however, positively state, from actual observation, that the 
colour of the second is not green, but yellow ; and I shall be ob- 
liged by your inserting this Itstter to that effect. 

On the 5th February, 1869, 1 was fortunate enough to have an 
exceptionally excellent view of the object, which I recorded in the 
'Monthly Notices,' Vol. xxix. No. 5, p. 195, by reference to which 
it will be found that I then saw the three stars distinctly, with their 
colours, and that the second was light yellow. 

From the close proximity of 7, and 7,, 7, may easily be thought 
to be green from the colours of 7, and 73, which are yellow and 
blue, being smudged together, as if mixed on a pallet, and pro- 
ducing green ; but when 7. and 7, are separated as I saw them on 
the day alluded to, with well-defined circular disks and clear spaces 
around them, no such contusion need arise. 

I have often seen the two stars, 7, and 7,, apparently partly green 
when indistinctly separated ; but, if seen as on my view at the time 
named, there could be no mistake in the matter. 

The instrument used was my 9-inch equatoreal by Cooke and 
Sons (which formerly belonged to the late Captain Jacob), with a 
power of 720. 

Having compiled a list of popular celestial objects for private use, 
in which I have described the colours, as above stated, I am anxious 
to support its correctness in so interesting au objecL The colours 
are golden or deep orange, light yellow, and blue. 

I am, Sir, yours truly, 
Korton Hooie Observatory, near Worcester, Thomas Barnbbt. 

1S78, October 7. 

Naked-eye View of Jupiter^ b SatettUee. 
Sir,— 

On the evening of the zatb insti as Mrs. M^Cance (mj 
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molhef) and I were approaching home, we remarked Japiler shining^ 
in the south. After a moment Mrs. M'^Gance observed, *^ He looks 
double, as if there was a small star quite close to him, to the left of 
and a little above him." This was about 5.55 p.m. 
. On examining Jupiter in the telescope about ten minutes after* 
wards I found that there was no conspicuous star in his neighbour- 
hood, but that satellites II., IIL, and IV. were all to the east of the 
planet, and pretty close to one another ; IV. was very much duller 
than either of the others. 

. After a few questions I was satisfied that the satellites really were 
seen with the naked eye. Mrs, M^Cance described the appearance 
as varying in visibility, sometimes looking like a large ray from the 
planet, but generally like a distinct and fairly visible little star. 
She could still see this at 6.30 p.m. 

Through the glasses I use for my short sight I sometimes thought 
1^ could see something of the phenomenon ; but I fear this was only 
fancy. 

Mr. Webb ('Celestial Objects,' p. 144) mentions some naked-eye- 
observations of the satellites being made " in twilight, before the 
glare of the planet came out;'* and on the evening in question there 
was at first a fair amount of twilight, the Sun not having set aa 
hour; so very likely such time is the best for these observations. 
. I do not know whether this account may have any interest ; but 
I send it you on the chance. 

I remain. Sir, 

Yours faithfully, 
Balhfem, Bmers Boad, Jambs L. M^^Cancs* 

Putney HjU, aW^ 
137S, October 17. 



NOTES. 

Thb Satbllites ov Mars. — In an able memoir, published by 
the Washington Observatory, Prof. Asaph Hall has discussed all 
the observations of the two satellites, and has deduced corrected 
elements of the orbits, from which tolerably accurate ephemertdea 
may be prepared for the next opposition in 1879, November. Prof. 
Hall commences by giving an account of his discovery, from which 
it appears that it was the result of a systematic search undertaken 
with that express object. Only two astronomers. Sir W. Uerschel 
and D' Arrest, had previously undertaken the task; but their iustru- 
mental means were far inferior to those which Prof. Hall had at 
his command, and he was thus encouraged to proceed. The first 
observation of Deimos (the outer satellite) whs made on August 11, 
and of Phobo9 {the inner) on August 17 ; and from these dates Prof. 
Hall observed them assiduously, the former till October 31, and the 
l^er till October 15, several timea on each pight as a rale. The 
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obferradoiMi tikM obtained at Wasbington (5s of Dafmofl and 43 of 
Phobot) fonn bj far the mo«t complete series extant ; and to Prof, 
Hall in due the credit, not only of having discorered the satellites, but 
al«o of having observed them so perseveringly that their orbits can be 
determined with great precision. From this splendid series of ob- 
•ervations Prof. Hall deducea the following elements by first com- 
puting approximate circular elements, and then correcting these by 
equationa of condition : — 

Dehiwa, JPh>bo$. 

Epoch i877» ^^* ^S'o €^.M.X. \%7% Aug. xS'o G.11T. 

Period 1^*262419 0^*3189244 

=30^ 17"* 53*'86±o^9J5 =»7* 39* I5*07±x»'ii3 

I^-M a'4550955 Y^S^^m 

a 3a"-354i ±o"-oi 18 i2"*9S3i±o"*oi4a 

* 35** 3«'7 S6<=> 47'x 

fi 4« 57 47 i3'» 

^ ¥> Sr6±S^ 5' 45 3o-4±a^ "' 

.M 0*00574+0*00049 o'032o8Hro*ooX4X 

u 357® 3<?5 285® 2o'-» 

The mean distance (a) is that at distance unity; the inclination 
(i) and longitude of node (Q) are referred to the equator for 
1877, August 28 ; 11 is the argument of Uititude or angular distance 
from the node at the epoch. 

The measures were made by bisecting the apparent disk of Mars' 
with a sinffle wire, and therefore required a correction for the figure 
of the disk as well as for differential refraction. The above ele- 
ments were deduced from 98 equations of condition for Deimos, and 
from 79 for Phobos ; and the residuals show that the probable error 
of a single observation is +o''*4, the error of position-angle being 
expressed in seconds of arc of a great circle. The largest residuals 
are +2"'ix and +2"*4i for Deimos in dist. and pos.-angle re- 
. apectively on August 1 7 ; but though the observations were made 
is morning twilight, and somewhat hurriedly, Prof* Hall has pre- 
ferred to let them stand. He adds» "All the observations were 
weighted before the comparisons, and no observation has been rejec- 
ted. The method of rejecting observations alYer the comparison by 
means of eriterions which are based on the residuals and the probable 
errors, seems to me to rest on a false logic, and to lead to the dange- 
re«a practice of trimming observations for the purpose of procuring 
am apparently accurate result, which, in fact, may be wide of the 
tmth." 

The planes of the orbits of both satellites are very nearly coinci- 
dent with the equator of Mars ; and for Deimos the excentricity Is 
so small that circular elements may be considered as sufficient for 
the observations* 

The resulting mass of Mars is:— from Deimos ' . k - 

from Phoboe 3078456^ 10104 > ^^® "^"^ ^^ ^^'^**' ^y weight, U 

I 

3093500! 3195' 
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Prof. Hall has compared the WashingtOD elemeDta with the note 
or less complete series of measures made at various observatories 
iFrom observations of the two satellites at Cambridge (U.S.), Glasgow 

(U.S.), and Pulkowa, the resulting mass of Mars is ' , the 

▼alues ranging from ^^^j^ to ^^5555^- These determinations show 
that probably there is no important constant error in the Washing- 
ton measures ; and considering the great advantages of the 26-inch 
refractor in such observations, Prof. Hall adopts the value given by 

the Washington observations alone, viz., «»— 309350^+3295 ' 

The peculiarities of the areocentric motion will be readilv deduced 
from the elements. Phobos has an houriy niotion of 47 '033, and 
will therefore rise in the west and set in the east, meeting and 
passing Deimos, whose hourly motion is only 1 1°*882. Deimos is 
distant 14,500 miles from the centre of Mars, and Phobos 5800 
miles from the centre, or 3700 only from the surface, so that the 
horizontal paralUx amounts to 21^; and this large value will pro- 
duce apparent ezcentricities in its motion, and cause it to appear as 
a variable star. 

With regard to the brightness, Prof« Hall estimates the outer 
satellite to be of the 12th magnitude, and the inner 11*5, when free 
from the glare of the planet. A table of the comparative bright- 
ness at favourable oppositions since 1783 serves to explain the 
circumstance that these satellites were not discovered before. The 
only oppositions at which the brightness equalled that of 1878 
(1*35) were in 1798 and 1845, and the planet had then a larger 
southern declination (14^*3 S. in 1798, and 19^*4 S. in 1845, as 
against 11^*9 S. in 1878). At the next opposition, in 1879, the 
brightness will be little more than half (0*73) ; but, on the other 
hand, the declination will be 18^*3 N., an important advantage. 
The brightness 1 corresponds to 1877, Oct. i, when the outer satel- 
lite was seen with a 9 J inch equatoreal at Washin^on. On Octo 
ber 31^ when it was last observed with the 26-iach refractor, the 
brightness was 0*52. Thus there is a good prospect of securing a 
fair series of observations in 1879, and Prof. Hall has computed 
data for an ephemeris. The probable errors in the areocentric Ion* 
gitude resulting from the probable errors of the periodic times will 
then be; — forDehnos +2^*6, for Phobos ±36^-5; so that even for 
the latter there will be no uncertainty as to the number of revolu- 
tions performed in the interval. We are sure that our readers will 
join with us in congratulating Prof. Hall on the completeness of hia 
work. 



Discovery of Dark Limbs in the Solar Spectrum corrb- 
aroNDiNO TO OxTOEM*. — From a series of very careful measure- 

* Amer. Joom. 1878, October, 



Digitized by 



Google 



.1878:] Note$. 288 

inents of photographs of the spectrum of the Sun and of Oxygen 
obtained with diffraction-f^ratiuga, compared with the results of 
other obsenrers, Prof. J. C. Draper is led to the conclusion that 
there are 65 lines in the solar spectrum not appropriated to any 
other element, which may be assigned with great probability to 
oxygen. The wave-lengths being expressed to the hundredth of a 
tenth-metre, out of the 65 lines the coincidence is absolute in 17; 
in 4 the difference is only five hundredths; in 22, ten hundredths; 
in 4, fifteen hundredths; in 11, twenty-one hundredths; and in the 
i^maining 7 the greatest difference is thirty-five hundredths, or about 

that which Angstrom has made in different measurements of the 
same line in the solar spectrum. The wave-lengths of the lines in 
the solar spectrum were determined by projecting the photographi 
on a scale of wave-lengths, in which a tenth-metre was represented 
by 5 millimetres, by means of a specially contrived lantern. The 
apparatus was so adjusted that the leading lines of the photograph 

as projected corresponded with those of Angstrom or Cornu (in thz 
ultra-violet), laid down beforehand on the scale; and thus the errors 

in Angstrom's chart were corrected* From the measures thus ob- 
tained a ehart of the spectrum was constructed, which extended 
from E in the green to P in the ultra-violet. For the lines of oxy- 
gen a spectroscope with two flint-glass prisms of 60° was used, and 
with this photographs of the spectrum given by the condensed 
electric spark between electrodes of platinum and iron in atmo- 
spheres ol* oxygen and of oxygen and nitrogen were taken. These 
photographs were projected on the scale, and the oxygen and iron 
lines measured. The wave-lengths of tlie oxygen lines from 3864 
to 441 5 were based on forty-seven iron lines, the wave-lengths of 
which were inferred from the corresponding lines in the chart of 
the solar spectrum* From 4415 to 4705 the iron lines did not pho- 
tograph, and the portion of the curve of wave-lengths was therefore 
eonstrueted from the wave-lengths of oxygen and air-lines already 
given by various authorities. £very precaution was taken to have 
the oxygen as pure as possible, and photographs of the spark be- 
tween points of the purest platinum were aUo taken for comparison 
with those between points of iron and platinum for the detection of 
any error arising from impurity in the iron. 

The oxygen lines in the solar spectrum appear to be very faint 
when no other element furnishes a line falling on (he same wave- 
length. This is shown by a comparison of the photographic strength 
of the lines in each spectrum, and also by a chart of a portion of 
the solar spectrum about 4070* The oxygen lines represented in 
this diagram are among the strongest in the electric spectrum of 
oxygen; yet the equivalent lines in the solar spectrum are faint 
when compared with Ca and Fe. This would seem to indicate a 
low absorbing power in the gaseous non-metallic elements as com- 
pared with the same power in the case of metals in the vaporous 
state, and would explain why many of the lines in the solar spec- 
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irom which' reprctfent orrgen Imve been overlooked* It iv to be 
remarked that Prof. J. C. Draper's table preeeots what may be 
called the oxygen region of the spectrum, only a few oxygen linci 
lying ouuide its limits ; and this happens to be the region in which 
the photographic apparatus and cbemicak were most sensitive. 
. In conclusion. Prof. J. C. Draper offers '« the suggestion that the 
proof of the presence in the solar envelopes of oxygen* and other 
substances giving faint lines, is a problem not to be solved by the 
comparison of two spectra of small dispersion. The solar spectrmm 
in certain parts is so crowded with lines presenting all kinds of de« 
tails that the only satisfactory way is to make measures of the 
positions of these lines on a large scale and as truly as possible, and 
then compare with these the most accurate measures of oxygea 
lines that can be made." 



Thr Eclipsb of the Sun, 1878, July 29*. — In the 'New York 
Times' of August 16, Ph>f. C. A. Young gives a summary of the 
results of the recent eclipse : — '< As reganis the physics of the Sun 
and the corona the principal result is to demonstrate a decided syn« 
pathy and connexion between the condition of the Snn's visible 
surface, as indicated by the number and character of the sttn-«pots, 
and the constitution of the corona." He considers that the ques* 
' tion whether, like the sun-spots and chromosphere, the corona also 
would show a difference of condition from that indicated in 1869 
and the later eclipses, ** has received an emphatic and affirmative 
answer/' As to the brightness of the corona there is oonsiderable 
difference of opinion; but Prof. Yonng, in common with the 
large majority of those who also saw the eclipse of 1869, thinks that 
the corona on that occasion, though perhaps less extensive, waar 
many times more brilliant than in the late eclipse, whilst in 1870 
its brightness was intermediate* ''While, however, there may be 
room to question the conclusion that the corona this year was un- 
commonly faint, there can be no question that its specimm waa 
profoundly modified." The bright lines so conspicuous in former 
eclipses were this year so faint as to be seen by only a few obser- 
vers ; and this was especially remarkable in the case of the 1474 
line, for, though many observers saw it plainly just at the begiuDiog. 
and end of totality, nearly all entirely lost sight of it during the 
middle of the eclipse. The slitless spectroscopes showed ** only » 
disappointing continuous band of colour," though in 1871 Mr. 
Lockyer with a similar instrument saw four coloured images of the 
corona. One or two observations of some interest in their relation 
to previous work were made. Prof. Rockwood saw a bright red 
line in the chromosphere spectrum very near B, presumably 534 K, 
a line exceedingly difficult to see under ordinary circumstances. 
This explains an observation by Mr. Pogson in i868. Both H 

* Amer. Jouzn. 187^ Septombsr. 
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Unea (calcinni) were also men bright bj Profeeson Youri^ ilnd 
Rock«rood, confirming an observation made by the former six years 
ago at Sherman. The reversal o{ the Fraunhofer lines was well 
observed at the beginning of totality, and Janj»sen*8 observations iit 
187 1 of the dark Fraunhofer lines in the continuous »pectrum of the 
torona was also confirmed by several observers, ** thus showing that 
a considerable percentage of the coronal radiance is mere reflected 
•unKght," though the faiutness of these dark lines shows equally 
dearly, in Prof. Young's opinion, 'Uhat the particles which reflected 
the sunlight are themselves also self-luminoiiSi as, of course, they 
ought to be so near the Sun.** 

> In 1869, 1870, and 1871, the gaseous elements of the corona (th^ 
hydrogen and 1474 stuif ) were in such quantity and condition, and 
pose so high above the solar surface, that their lines were conspicu- 
ous in the coronal spectrum. "At present the condition is reversed* 
The gases are either too small ii> quantity or too cool to be conspi-* 
coons. The lesson, and it is an important one, is that to a certain 
extent the corona sympathizes with the sun-spots. 

*' It certainly looks probable also that while the gaseous elements 
of the corona are strictly solar, the non-gaseous matter (the coronal 
dust or haze) is of extraneous and very likely meteoric origin. A€ 
any rate the extent of the corona was certainly not less than on 
former occasions, whatever may have been the case with its bright- 
ifiess. In fact it has never been traced quite so far from the Sun 
before as this time by Langley and Newcomb, who followed it out 
for 6*^ along the ecliptic, a success partly of course due to the clear- 
ness of the air at their elevated stations. Now this is quite con-' 
sistent with the theory that meteor^streams furnish the hazy matter 
of the coronal envelope, since, so far as we can judge, they have 
nothing to do with sun-spots/' 

Prof. Young sums up thus : — <' The eclipse of 1878 has added a 
new planet to the system, and has demonstrated that the unknown 
cause, whatever it may be, which produces the periodical sun-spots 
at intervals of about eleven years, also affects the coronal atmo- 
sphere of the Sun." 

While by no means concurring with Mr. Lockyer that Mr. Mek 
drum's investigations upon Indian cyclones have already demon- 
strated connexion between sun-spots and the weather. Prof. Young 
thinks that " the result of the eclipse goes to show such a periodical 
change in the state of the solar atmosphere as might very possibly 
produce a sensible effect upon the earth ; whether it does so or not 
is a question which can be settled only by a careful and systematic 
investigation of the facts." 



The Climatb op Cordoba and thb Sun-spot Period*. — In 
an account of his work at Cordoba, jyt. Gould remarks that the 

^ Amer, Joum., 1878, June. 
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climate, which during the first years of his sojourn was peculiarlj 
favourable for astronomical work, has shown itself variable to a 
remarliable degree* Although observations are made at every op* 
portunity, even through haze or between the clouds, when light* 
ning is flashing over a part uf the sky, yet in the last year no ob« 
servations were possible on more than half the nights in March 
and April, and only ten in these two months were clear; whilst in 
June and July the case was even worse, there being only seven 
clear nights. This year the weather has been just as bad, only one 
night in the seventy-nine already elapsed having been free from 
cloud. ** The contrast between such condition of the weather and 
that which prevailed some years ago is very striking, and seems to 
point to some periodic fluctuation." A like periodicity has come 
to light from the study of the climate of Buenos Aires, as mentioned 
in Dr. Gould's annual report for 1876, just printed. 
. With reference to this pnint, Dr* Gould remarks: — "In the first 
place, the difficulties which have attended previous attempts to 
determine the relation between the mean temperature and the 
number of Sun-spots have been found to disappear when the local 
influences which affect the temperature are removed. I have not 
at hand the means of knowing what these influences may be in 
other places, but the thermic wind-rose has sufficed for Buenos 
Aires. Determining for each year the mean direction of the wind, 
and deducting its effects from the mean temperature as observed in 
the same year, there results a curve which follows that of the Sun-spot 
so clo:»ely as scarcely to leave any thing more to be desired. I have 
only used the mean of the wind-roses determined for ten days in 
each spring, summer, autumn, and winter; nor has the mean 
velocity of the wind been brought into the computation. More 
thorough calculations based ou a wind-rose more minutely deter* 
mined, and upon the consideration of the total amount of air of a 
different temperature flowing in, would doubtless increase the 
degree of agreement ; yet the discordance between the mean tem- 
perature observed and that which results from the empirical calcu- 
lation does not amount in any one of the twenty years, 1856-187 5, 
to so much as might fairly be attributed to errors of observation." 
Denoting Wolfs relative number of Sun-spots by r, the formula for 
the mean temperature of Buenos Aires would be 17^*50 — 0^*007 2 7r 
in degrees centigrade. After deducting the effect of the wind, the 
mean temperatures were by observation 16^47 in 1870, and i7°'5i 
in 1875, ^^^ ^y calculation 16^*63 and 17^9 respectively. The 
difference o^'i6 in 1870 between the formula and observation is by 
far the greatest in the series, the mean discordance being only 
o°'o56. Dr. Gould adds : — '< It is manifest that if the variations of 
the terrestrial temperatures follow those of the Sun-spots, and are 
thus adequate to account for the corre8|K)ndence observed between 
these and the variations of the magnetic declination, all necessity 
for assuming any direct and transcendental connexion between this 
latter and the disturbance of the Solar surface disappears." 
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The mean annual direction of the wind yaries through an arc of 
60^ during the twenty years in question, having been 70^ in 18571 
77^ in 1870, and 130^ in 1874, reckoned from north through east* 
The correspondence between its variations and those of the spots 
found at Oxford by Mr. Main does not hold at Buenos Aires ; but 
the component perpendicular to the meridian shows two periodic 
terms of 278 and 3*70 years respectively, being the quarter and 
third of 11*11 years, the mean length of the Sun-spot period. 
Another and yet more marked cycle shows itself in the frequency of 
storms. Whether the annual number of winds of force five, siz^ 
seven, or upwards, or the mean annual force be considered, a 
periodic fluctuation manifests itself, having its maximum early in 
1 864» the minimum between 18711^ and 1876, and the period be- 
tween eighteen and twenty-three years, which latter cannot yet be 
fixed with accuracy, being so nearly equal to the period comprised 
in the series of observations. 

Dr. Gould announces, with regard to his astronomical work, that 
the Atlas of the Uranometry, consisting of thirteen charts, on the 
scale of a globe of one metre radius, and containing all stars to the 
7*0 magnitude inclusive within a radius of 100° around the South 
Pole, is completed, and some advance copies have been received. 
. It is worth mention that the observatory clock has been twice 
stopped during the last year by earthquake-waves (although the 
tremors were not fell by per^ns in the vicinity), and that on one of 
these occasions, when a severe shock was felt at Mendoza, the time 
at which the Cordoba clock stopped agreed with that observed at 
the points of chief disturbance, showing that the interval between 
the arrival of the tremors is less than the uncertainty of the watches. 
On a former occasion, when the Mendoza clock was stopped by a 
shock, a similar conclusion was arrived at* 

Colours of Variable Stars*. — In a paper read before the 
Boston Amateur Scientific Society, Mr. S. C. Chandler has taken 
up the important question of the relation between the colours of 
variable stars and the length of their period. Taking as a basis 
Schonfeld's second catalogue of variable stars, he finds, after de- 
ducting 26 of which the colours are not assigned, or the variations 
are irregular, 112 periodical variables, which he divides into five 
classes, according to the length of their periods, separating those 
which partake of any tinge of red from those noted as white, yellow, 
or of no perceptible colour. The results are shown iu the following 
table : — 

White or Yellow. Bed or reddish. 

Periods. No. Peroent Ko. Peroent 

Under 100 14 52 13 48 

100-200. 2 22 7 78 

200-300 6 26 17 74 

300-400 3 8 34 92 

Over 400 o o 16 100 

* Scieiioe Observer, 187S, Jaly* 



Digitized by 



Google 



288 Note$. [No. 19. 

' <^ The general result is, that as the length of the period increases, 
the proportion of colourless stars decreases^ while that of the red 
stars increases." 

Mr. Chandler has also arranged his material in another fonn, 
elassifying the stars according to their colour and computing the 
average period for each class, with the following results : — 
OUms. Colour. Number. Arerago Period. 

I White 9 126 days. 

2 Yellow 16 124 

3 Yellow-red 21 212 

4 Red 47 288 

5 Intense red 19 77 

** The progressive increase in the value of the average period 
from the ' white ' stars at one end of the scale to the * intense red * 
at the other end is very remarkable ; " and Mr. Chandler does not 
think it can be merely apparent, depending on the mode or order 
of discovery. 

Letton Astronomical Observations, Vol. IV. — Mr. Bar- 
clay's Observatory at Ley ton, Essex, has for upwards of 15 years 
been devoted to the observation of double-stars ; and the present 
volume contains the measures made from 1873 ^^ the end of 1877, 
together with the results of observations from the commencement, 
which have been included, as the earlier volumes are now out of 
print. In the Introduction a short description is given of the in- 
strument used, a 10 -inch Cooke Equatoreal, and some discussions 
on the value of a revolution of the micrometer-screw, and on the pro- 
bable errors of observations of position-angle and distance reprinted 
from former volumes, are added. Classifying the stars according 
to distance, o"-5", 5''-io'' &c., and reducing the probable error in 
position-angle to its equivalent in arc, Mr. Barclay finds W. Struve's 
law confirmed," that the probable error in angleand distance increases 
with the distance of the double star," though the increase is much 
more rapid for the angle. For distances of 5" to 10" Mr. Barclay 
finds the probable errors in the two coordinates equal, viz. o"*i, whilst 
Mr. Struve measured position-angles more accordantly than distances 
up to the extreme distance of 32". These determinations were 
made with a parallel-wire micrometer. With a double-image mi- 
crometer, the probable error was less, especially in measures of 
distance, a circumstance which Mr. Barclay attributes to their being 
independent of irregularities of the clock-motion in the case of the 
double-image micrometer. In the observations the measures with 
the latter do not appear to be distinguished in any way. 

The observations of double stars made in the five years 1873- 
1877 are somewhat meagre in quantity, 67 stars only having been ob* 
served on an average twice each ; but the Notes which follow are 
very complete, giving a most valuable summary' of observations 
made from the time of Sir W. Herschel, and thus presenting at a 
glance the evidence for the relative motion or fixity of the compo* 
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nento. Phenomena of Jupiter'ii satellites, and Occultatioos of stars 
(e printed, for the most part, from the earlier volumes), together 
ivith some observations of eometui, complete the tale of olMervations. 

Proposed Observatory in Jamaica. — Mr. Maxwell Hall, 
vrho some time since erected a private observatory near Montego 
Bay, has now drawn up a well-considered scheme for the establish- 
ment of a central observatory on the hills near Kingston, Jamaica, 
with branch meteorological stations on the other island, for the pur- 
pose of distributing time-signals and giving storm-warnings through- 
out the West Indies. Mr. Maxwell Hall estimates the first outlay 
required as ^3000, and the annual cost as ^3000, and proposes that 
the sum should be raised by contributions(ranging from £50 to £200) 
from the various West-India Idands,. which would all share in the 
benefits of the scheme. Further, as this system of tracing storms can- 
not fail to be of importance to the shipping of the United States, for 
the reason that the etorms generally follow the course of the Gulf- 
stream, sweep the eastern coasts of the United States, and then 
proceed towards the British Isles, it is hoped that the United States 
would also co-operate in the maintenance of the Central Obsennntory. 

Discovery of two Minor Planets. — Prof. Peters announces 
the discovery of two small planets, one (No. 190) on Sept. 29, of 
the eleventh magnitude, and the other (No. 191) on Sept. 30, of 
the tenth. 

The planet discovered by Prof. Watson on Sept 22 turns out to 
be the old planet Aurora (94)* This was established on computing 
the elements of the newly-discovered pUnet. 

In our notice of Mr. Thomas Grubb we should have stated that 
for the last nine years he had not taken any active part in the busi- 
ness, which has been carried on by his son, Mr. Howard Grubb ; 
and it is by him that the large reflectors and refractors alluded to 
were constructed. Editor.. 



Double Stars for November. 
S 208=10 Arietis. R.A. i* 56«-8, Dec. +as® aa*. 
Mag. 6-a, 8*4. Coloun, A yellow, B ash. Binary. 

1874*93 39-0 1-4 Gledhill. 

1878*08 43'03 I' 16 Doberck. 

S 228=259 AndromedsB. R.A. 2^ 6"-4> Dec. +4^'' 55'* 
Mag. 6*7, 7*6. Colours, white. Binary, in rapid motion. 
i87S*to 3nN o"*sa Dun6r. 
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S 227-11 Triangulu R.A. 2^ 5"'4, Dec. +29^ 4S'. 
Mag. 5» 6*4«. Colours, A yellow, B blue« Probably binary. 

1874-10 75'5 37 GledhilL 

1877-91 75-91 3-94 Doberck. 

o Ceti—Mira Ceti. R.A. 2* i3"-3. Dec. —3° 31'* 

Mag. A var., B 9. Colours, yellow, pale lilac. Rectilinear motion. 
This is the famous variable star; period about 331 days; range 
of magnitude 2*5 to 9*5* 

O II 

1824*63 115 StruTc. 

i877'i2^ 82-2 118*2 Fiammarion. 



S 257. R.A. 2^ i6»-6, Dec. +61^ o'. 

Mag. 7*2, 7*7. Colours^ yellowish white. Binary. Needs care* 
fttl measurement. 

1869-13 186^-3 o"-28 Dunir. 

S 262aBr Cass. R.A. 2* i9"-2, Dec. -^66^ 52'. 

Mag. 4*2, 7-1, 8*1. Colours, A yellow, B blue, C blue. A ter- 
nary system. 

AB 1874-93 265-7 i'9 Gledhill. 

1876-22 264-02 ... Doberck. 

AC 1873-96 108-2 7-9 Gledhill. 

a 300. E.A. z^ 37«*5, Dec. +38*^ 57'. 
Mag. 7*9, 8-1. Colours, very white. Binary. 

1865-89 304°-3 2"-7i Talmage. 

% 333=6 Arietis. R.A. 2** 52"-3, Dec. +20** 51', 
Mag. 5*7, 6. Colours, white. Probably binary. 

1877-07 197*^7 i"'i7 Sporer. 

S 4"=7 Tauri. R.A 3* 27"»3, Dec. +24® 4'. 
Mag. 6'6y 6*7, 10*5. Colours, yellowish. A B binary. 

O II 

AB 1873*94 232*0 0^4 Gledhill. 

AC 1873*80 60-6 22-8 Wilson and Seabroke« 
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S 460. R.A. 3* 49»-9. Dec -|-8d^ 22*. 
Mag. s-2, 6-1. Colours, A yellow, B bluish, 

1875-90 27-5 07 Gledhill. 

1376-" 27-5 •.. Doberck. 

S 518- R.A. 4** 9"'8, Dec. - f 49'. 
Mag. A 4, B 9*1, C 10-5, D 12, E 11-4. Colours, A very 
yellow. A B C a teraary system. 

o « 

AB 1877-12 104-7 81-5 Flammarion* 

B^C 1877-12 I20-0 2-± „ 

AD 1877-12 148-0 37-2 „ 

AE 1877-12 339-2 109-9 „ 

a Tauri. R.A. 4** 29"*o, Dec. + 16*^ 16', 
Mag. I, 11*2. Colours, A golden. 

1877-06 35°-s ii4"-5 Flammarion. 

2 566. R.A. 4*^ 3o«-s, Dec. +53^ 15'. 

Mag. 5*1, 7*4. Colours, A yellow, B bluish. Binary.. Commaii 
proper motion +o*-oo2 in E.A. and +o*-ii in N.P.D. 

1863-24 299°-5 i"-68 Dembowski. 

S 589. R.A. 4'' Z^'^'S, Dec. +5'' 4'- 
Mag. 8, 8. Colours, yellowish white. Measures wanted. Pro<* 
bably a binary. 

187^9^ aoa'^'S 4"-4 Gledhill 

2 634. R.A. s^ 2"-8, Dec. +79° 6'. 

Mag. 4*5, 7*9. Coloure, A yellowish, B white. Probably bi- 
nary. 

1875-37 i®'4 2o"-29 Flammarion. 

ri Ononis. R.A. s^ i8»-4, Dec. - 2^ 30'. 

Mag. 4, 5. Colours, A white, B purplish white. Probably 
binary. 

1874-10 8^-5 i-i6 Gledhill. 

1878-08 87-3 I-I2 Doberck. 

VOL. II. It 
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M2 Meteors 4n November. \Vo* X9. 

S 728—32 OrioniB. R.A. 5^ ;r4"-4, Dicc. +5*' 51'. 
Mag. 5*2, 6*7. Colours, yellowish. Binary. 

1877-19 i88°-9 ©"'44 SpSrtr. 



,0^' 



S 774==C Ononis, R.A. f 34"7, Dec. - 2^ o 
Mag. 2, 57* Colours, A yellow, B reddish olive. 



o 



AB 1877-19 151-5 2'3^ Spdrer. 

1878*08 154-4 2-37 Doberck. 

AC 1877*17 9'3 6o'3 Flammarion. 

1878*07 9-2 Doberck. 

Joseph Glsohill. 



Meteor Notes for November. 

The month of the Leonids and Andromedea is alwayv attractive to 
the meteor observer. On the I3th-i6th the morning skv should be 
observed for stray members of the former shower (though the Moon 
is only a few days past the full, and will probably render the dis- 
play of this year a scarcely visible one), and the nights of the 
25th-29th (especially the 27th) should be vigilantly watched for 
Andromedea. The radiant-points have already been fully and very 
exactly determined by Prof. Herschel at 149° +23° and 23** +43** 
respectively. It is in the latter stream that the ebief interest is now 
centered ; for Biela's comet, which appears to follow pi*ecisely the 
same orbit, returns to perihelion next year, and the ensuing approach 
of the earth to the node occurs when the condensed part of the 
meteor-cloud is less distant than at any return since 1872. Obser- 
vations have shown that this system is not continuous Uiroughout 
its orbit like the Perseids, for it fails to give an annual display of 
any brightness. A few of these Andromedes were seen, however, 
on Nov* 25-27, 1877,80 that the particles are somewhat scattered 
along the orbit, and this year we may expect to see many of 
these slowly moving meteors — the precursors of tlie main stream. 
In this connexion it may be worth pointing out that there was an 
interval of 40 years (6 revolutions of Biela's comet) between the 
fine star-showers of Dec. 6, 1798 and Dec. 7, 1838, and that a similar 
interval brings us to the present year, when, however, the condi- 
tions appear to be slightly less favourable. A contemporary shower 
(of quick white meteors), with a radiant at 54^ +48^, was deteeted 
by the writer on Nov. 27 last year, but the same stream had already 
been observed by Schram at Genf (Austria) during the great dis- 
play of 1872. From 108 tracks recorded by him, 16 per cent, con- 
formed to a centre at 52^-2 -f 49^-4 ; and Heis also appears to have 
aeeo it, for he gives a long-continued shower at 55^ +45^ Oct 
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i7*Nor. 3a (St,,, 6$ meteors). At Pola a radiant cloie tar Capdla, 
at 76^*5 4-46^ was also noted on Nov. 27, 1872. Heis's new cata« 
logue of radiant-points includes an apparently rich one at 24^ +42^, 
Oct. i7-Nov. 15 (Pj, 140 meteors), close to y Andromedse, whieli 
almost exactly coincides with the position of the Andromedea ; but 
the two showers can hardly have any connexion. It will be im* 
portant to recover Heb's radiant early in November, and compare 
the meteors with the true Jndramedes visible later in the month. 
During the first half of November there is also a shower at 98^ 
4-44% and many Taurida are visible at this epoch and about Nor, 
20-23. On Nov. 8, 1877, a strong radiant of exceedingly swift 
meteor* was seen at 101° +73% and on the i2tfa a |)osition at 
126° +40^ was accurately shown by several meteora, one of which 
appeared stationary at thai point. The former shower eaft hardly 
be the same. as one noted by Zexioii at iir^ +65°, on Nov. 30, 
1867, who records:—" Dal punto iii® +65° partirouo moltissime 
piccole 9te]le in varie direzione, per la loro frequenza e brevity delle 
trajettorie impossibili a^determinare" (*Effemeridi del Reale Osser« 
vatorio di Milano/ 1869). 

Recent Observations, — At Bristol, cloudy weather has rendered 
work of this kind almost wholly impracticable. A clear sky on the 
morning of Sept. 26, however, allowed watching for nearly three 
hours, during which a radiant of very bright swifl meteors was 
visible close to /3 Aurigs at 87° 4-42 . A Few paths were seen 
from another point al 127° +58^ in Ursa, and just before daylight 
a feeble radiant came into play at 119° 4- 15^ At 15* 5"* a very 
swift Aurigid^% was traced falling from 66° +8° to 61^° —3*. 
It left a streak of 7^ upon the latter part of its course. 

Mr. H. Corder at Chelmsford observed 98 meteors in September; 
but the radiants deduoible from them are diffuse and uncertain* 
One good shower of slowish meteors was fixed on Sept. 26 at 
17 Piscium 15^ 4-16^, and there was an adjoining radiant of quick 
meteors from 3° + 7^ Other showers were suspected at jj Cygni^ 
K Cephei, I Ursss Minoris, ri Herculis, ct-iy Cephei, a Pegasi, and in 
Lyra (288*' 4-37°) and CamelopaTdus(f3o° 4-70°). On Oct. # 
a position of swift meteors was determined at 29*^ +26°. 

Mr. y. Cornishr of Debenham, Suffolk, gives an account of two 
bright meteors, recorded by an observer there. Oct 4, II^8B^s 
began at 353!" 4-2** ; ended at 4 J® 4- 12^°; not very rapid. Oct. 
79 ^ 15™ : a very fine meteor, throwing a shadow in spite of the 
moonlight, traversed a path from 338° —3® to 13P -64^ When 
it started it did not much exceed Saturn ; but When it burst, ita 
brightne«i8 and size were nearly equal that of the Moon (then ri 
days old). At extinction it emitted several sparks,. falling downwards 
about I . [Mr. Cornish writes that the large meteor of Aug. 31, 
1 1^ described in last month's ^* Notes" as equal to I -3rd J, la 
probably overrated. The altitude was 26^+ .] 

W. F. DXNNIVO* 
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Distances from SaturD*8 polar diam., in equatoreal semidiams. 
— preceding or west, + following or east, N. north, S. south. 
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Semiaxes of orbits expressed in semidiameters of Saturn's equator. 

Dec. I. Mi. En. Te. Di. Bh. TL lap. 

Major 3*14 4-03 4-99 6-40 8-93 20-71 60-34 

Minor 0-09 0-12 0-15 0-19 0*27 0-56 8-29 

Hourly Motion i5°-9 10^-9 7°-9 5^-5 3°;3 0^-9 0^-2 

lapetus is near its superior conjunction, south of the planet, on 
Nov. 19, and at its greatest eastern elongation on Dec. 9. 

A. M. 
Satellite of Neptune. 
Major and minor semi-axes of apparent orbit on Dec. i, i6'^*9 and 
5''«7. The satellite is near its greatest n,f elongation in p09.-angle 
40^-5, and near its greatest 9.p, elongation in pos.-angle 22o'''5, at 
the following times: — 

Kov. 15 ii^n./. Nov. 24 7**./>. Dec.3 2^n.f. Dec. 11 22^«./>. 
18 9 8.p, 27 5 n./. 61 a.p, 14 20 «./. 

21 8 Ji./. 30 4 8.p. 8 23 n./. 17 19 9,p. 

JLM. , 
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240 The Sun, MooH, and Planets. 

Poiition of the Sun*^ North Pole. 

Pos. -angle. Dist from limbs 
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6 13 St ^e 2 

I'i II 48 -^^d 4a 
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The Moon. 
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The librati^o- carve is interesting 01) aocoutit of its approach to 
circularity. Co Dec. 8 the remarkable depressions on the Moon's 
preceding limb wiil again be visible^ and the changes in their as- 
pect ought ta be watehad and measured- on that aad the preceding 
and following night. A. M. 



The Planeti. 

Mercury is an evening star, at greatest elongation east (20^ 45')^ 
on Dec 8^ when he sets i*^ 15"" after the Sun. 

Venus is a morning star till Dec. 5, when ^he is in superior eon- 
junction with the Sun. Her diameter is 9^*8 throughout November 
aiid December. 

Mars is a morning star, moving s» /. through* Libra, and rising 
from 2* to 2^^ before the Sun. 

Jupiter \s an evening star, setting about 8^. 

Saturw is^ stationary about midway between a Pegatsr and /3' Ced, 
setting afoer midnight. 

Outer Bing. Inner King. BaB. 

Biaj. Axis. Min. Axis. Maj. Axis. Min. Axis. Biam. 



Nov. 21 4»''*54 



27''-62 
26^-68 



0*84 ^^'^'7 



o''-86 1 6'- 1 



•26 
Dec. II ...... 4o''*i4 i"'29 

The south side of the rings is visible, the elevation of the Earth 
above their plane being 1° 44' S. and i^ 50' S. on Nov. ^i and. 
Dec. 1 1 respectively, and of the Sun 4® 19' S. and 4° Z7^ S. lOO^lC 

Neptune is an evening star, nearly midway between a Arietis and 
a CetL Editor. 



RAIN-BANJ) SPECTROSCflPES. 

ADMIRABLY ADAPTED FOB FORETELLING THE APPROACH 

OF BAIN BY MEANS OF PROF. PIAZZI SMYTH'S 

RAm-BAND IN THE SKY SPECTRUM. 

These powerful miniature Spectroscopes are made in three sizes : 
l| tn., 8|| tn., and 5| tn. long re^ectively. 



Snriee, complete ia Brass Cass^ £il« 

ADAM HILGER, 
SdefUific Instrument Maker, 
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ASTRONaMICAL TELESCOPES. 

CALVER'S £25 PORTABLE EQUATOREAL, 

Complete with powers, six-inch speoulum of the finest qaalitj, revolving hour-eircle 

wiUi three ▼emiers reading to 6* of time, declination to 4' of arc, flne aorew-siotion. 

Photograph, with Hints on Silvered-Glass Reflecting Telescopes, stamps. 

O. CALVER, 

Hill House, Widford, Chelmsford. 

Several second-hand Instrumenis for sale, 
EQITATOREALS from 6 to 14 inches. 

Readj, in One Vol, Atlas Folio, pp. 46, and 24 Plates, Cloth, Price lbs. 

THE STARS IN THEIR COURSES. 

A twofold Series of Mape, with a Catalogiifi statiiig the Magnitudes ae- 
cording to the B.A.C., Prootor, Argelander, and Heis, and showing 
how U> identify, at any time of the year, all Stars down to thi9 f :6 
Magnitude (indxifii^e) of Heis, wluch are clearly yisihle in £i^;lish 
latitodes. 

9T 

THOMAS SEBASTIAK BAZLET, MJL, 

Author of * Notes on the Epieydoidal Cutting Frame.' 

London : TBtBNsn & Co., Ludgate Hill. 

&UTH£&FUE]>'8 PHOTOaRAFHS OF THS MOON. 

FIRST AND LAST QUARTERS AND FULL. 
Slenren' inches in diameter, in Portfolio, with Beer and Madler*s Map. Price 21& 

A. BROTHERS, 14 St. Ann's Square, Manchester. 
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{including postage). 
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FOR SALE, (Second-hand.) 



Price £500. 

An Si-inch REFRACTING EQUATORIAL by 6RUBB 

(Dublin). 

Similar in almost all its details to that for which Mr. GKUBB 
'had obtained the 

GOIJ> MEDAL at the PARIS EXHIBITION. 

This instrument has only been erected for about 12 months, 
is in perfect order, and will be guaranteed by its present owner. 
Baron Engelhabdt, of Dresden, who desires to dispose of it to make 
room for a larger (12-inch) Equatorial, now in course of construe* 
tion by Mr. Gbubb. 



FOR SALC— BBOWNING-WITH BEFLECTOB; 8j>ixioh speculum of fbert 
definition ; altazimuth stand. Se«ond-hand, but good bb new. Apply (by letter in first 
instance) to H. Pratt, 18 Preston St, Brighton. 

SEVERAL SECOND-HAND INSTRUMENTS FOR 8ALE.>-£qua- 
toreals from 6 to 14 inches. Astronomical Telescopes : Calrer's £25 Portable Equa- 
toreal, complete with powers, six-inch speculum of the finest quality, rm'olving hour- 
drcle with three verniers reading to 6* of time, declination to 4' of arc, 'fine screw- 
motion. Photograph, with Hints on Silvered-Glass Reflecting Telescopes, 9 stamps. 
Apply to G. Calvee, F.B.A.S., Hill House, Widford, Chelmsford. 

WANTED.— A good 2|-inch Telescope by Oooka Apply to the Editor. 



SCAZX FOR ADVERTZSEMENT& 

£ s. d, £ 8. d. 

Whole Page 2 3 inseHums 5 

Half Page 1 1 „ 2 12 6 

Qunrter Page 12 „ 1 10 

Eighth of Page 7 „ 17 6 

Itistruments for sale : — 

Forty words or under 30 „ 70 

Eve^ additional 10 words 009 ,, 19 

Payable in advance to W. H. M. Chbishe, 12 Boyal Parade^ 
Blackheath, London, SJB. 
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THE OBSERVATORY, 

A MONTHLY REVIEW OF ASTEONOMY. 

No. 20. DECEMBER 1. 1878. 

MEETING OF THE ROYAL ASTRONOMICAL SOCIETY. 

Friday, 8th November, 1878. 

Lord Lindsay, F.R.S. &c., President, in the Chair. 

Secretaries : Mr. J. W. L. Glaisher, F.R.S., and 
Mr. A. CowPER Ranyard. 

The Minutes of the last Meeting were read and confirmed. 

Mr, Glaisher reported that 133 presents had been received by 
the Society since their last Meeting in June, and amongst them a 
copy of the * Sidereal Messenger,' presented to the Society by Mr. 
S. W. Burnhani, the most complete copy in England, and also a 
copy of Dr. Schmidfs Map of the Moon, presented by the Prussian 
Government. Thanks were voted to the donors of those presents, 
especially of the two latter. 

Mr, Vavid Gill read a paper on " The results of Meridian Ob- 
servations of the Mars Comparison Stars." He said, '* This paper is 
only suitable for printing, and I will give but a hfxei pricis of it to 
the Meeting. 

'* Before leaving England for Ascension I applied to the principal 
Observatories for cooperation, and I desire now to record the hearty 
response which has been made to my appeal and to return my warmest 
thanks to the Directors of the various Observatories for their valu- 
able assistance. 

" From three observatories the results have not yet been received, 
but from twelve observatories the results are in my possession. These 
results I have discussed, with the result of finding a very peculiar 
error, due, apparently, to difference of the habit of observers in 
noting the transits of stars of different magnitudes. Thus the Right 
Ascensions at Washington required a mean systematic correction of 
— o''i20 and those at Oxford of -f o''076 to reduce them to the mean 
system derived from all the observatories. Only a small part of 
these discordances (+o''03) could be traced to systematic difference 
in the places of the clock stars employed, and there were many reasons 
for supposing them due, in great part, to the cause above mentioned. 
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" I accordingly addressed a circular to the various observatories 
requesting certain observations, with a view to settle the question ancl 
to determine, if possible, the absolute R. A. of tlie comparison stars. 

" The matter has been energetically taken up at Leiden, Pulkowa, 
Cambridge, U.S., and Greenwich, and I hope also at other ob- 
servatories. 

*' At Leiden it has been shown, by observing alternately with a 
diminished aperture and a full aperture, that the R.A., is affected 
systematically by the magnitude, the results for the three observers 
being : — 

— o'*o73"l For a difference corresponding with 

— o '025 > a difference of 2|| magnitudes in 

— o '05 1 J brightness. 

<* I have, however, discussed the observations as they stand on 
the supposition that the results of each observatory are affected by 
three errors : — 

'* I. A systematic error common to all the 8tar.<. 

" 2. By a probable error depending on the square root of the 
number of observations of any given star. 

" 3. By a probable error peculiar to each star not diminished by 
any number of observations. 

" These errors having been determined, the first eliminated, and a 
system of weights calculated from the second and third, the most 
probable place of each star was deduced. The discussion led to 
some interesting conclusions which can only be followed by a 
perusal of the paper in print." 

Mr. Gill then said, " I have now to bring before the Society * A 
report on the Observations of Mars made at Ascension,* and I have 
done so in the present form at the suggestion of the Astronomer 
Royal. 

" A long time must elapse before I can give the definitive result of 
the whole of the observations, because so many investigations have 
sprung out of the original one, investigations that require more ob* 
servations, and hence more time, for their satisfactory discussion. 
This being so, and being continually asked by Fellows when the 
results will be published, I felt it was due to the Society to show 
that no time was being lost, and to give some idea of the prospects 
of a satisfactory result. 

" I have therefore discussed the observations of Mars from Sept. 
4 to 1 1 inclusive, and this is the subject of the present paper •** 

Mr. Gill then showed how the chronometererror, latitude and longi- 
tude had been determined, how the tabular quantities had been com- 
puted, how the observations had been made, and the various instru- 
mental corrections had been determined and applied. He proceeded to 
show how very desirable it was that the star-places should be deter- 
mined with extreme precision, so that they might be treated as 
absolutely known in the final discussion. He showed how, by 
employing only the method of corresponding evening and morning 



Digitized by 



Google 



IBrs.] the Royal Astronomical Society. 249 

observations!, many valuable observations were lost, and the door 
was openecl for an arbitrary selection of observations and arbitrary 
treatment of resuUs, which was most undesirable. He also showed 
the great value of well-determined star-places in correcting the 
tabular motion of the planet. 

The energetic cooperation of the various observatories had enabled 
liim to assign, even now, places of the comparison .stars whose 
probable error did not much exceed + o"*i of arc, and he hoped 
when all the observations had been received, and the whole had been 
fully discussed and combined with the heliometric triangulation, 
the probable errors of the star-places might be obtained with an 
error not much exceeding + o"'05. Employing the star-places 
arrived at in the previous paper, and rejecting no complete obser- 
vation whatever between Sept. 4 and 11, the probable error of the 
measurement of the distance between the planet and a star is 
+ 0**30, and this includes both the error of the star's place and 
the error of the heliometric measurement. 

It would thus seem that a single observation of IVtars by the 
lieliometer is as accurate as an average observation of contact at a 
Transit of Venus, whilst the parallax factors are quite as favourable. 
Thus on a line night, at a suitable station, a single observer could 
do as much towards the determination of the Solar Parallax as nine 
or ten costly Transit of Venus Expeditions, and his observations 
have, moreover, the enormous advantage that they are capable oT 
only one interpretation. 

The probable error of the resulting parallax was + o"'oi7, and 
this had been derived from 104 observations; as there were in all 
about 360 observations, a final result of very great accuracy might 
reasonably be looked for. 

Mr. Gill then said, <* Beyond the reasons, already stated, that 
induced me to lay this paper before the Society in its present form, 
there is the hope that now or at some future time I may have the 
benefit of criticism on the methods I propose to employ in 
deducing the definitive result. There is only one form of criticism 
which is useless, and unfortunately it is a common one, viz. that 
the result is right or wrong according as it agrees with the critic's 
preconceived notions as to what it should be. (Laughter.) It is 
for this reason I have not published the assumed value of the 
parallax, but have exhibited only the correction to the assumed 
parallax. 

'* All honest and useful criticism can equally well be made with- 
out this information ; and therefore I have thought it better to defer 
the publication of any result until the final definitive result has been 
arrived at." 

Mr. Gill then read *' A note on some remarks of Mr. Maxwell 
Hall." These remarks were published in the last number of the 
^ Monthly Notices,' and Mr. Hall claims superiority of the method of 
observing transits of Mars over the heliometric method. 

Mr. Hall used as an argument in favour of the accuracy of his 
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method that the changes of his clock-rate were shown in intervals of 
lo minutes or so. He makes the rather extraordinary statement 
that though his clock may be depended upon to ^ a second a day, yet 
its rate varies in ten-minute intervals as much as 2 or 3 tenths of a 
second. 

Mr. Gill contended that it was impossible to distinguish between 
dock-rate, and error of observation in this case, and that being so, 
Mr. Gill, from what he knew of clocks, thought it much more 
probable that Mr. Hall's observations were in error, rather than the 
clock' rate. 

If it were not so, Mr. Hall must have been singularly unfortunate 
in his clock. Any moderately good German clock beating seconds, 
which could be bought for 5«., might certainly be relied on for a 
greater accuracy, and any old 8-day English kitchen-clock, with a 
seconds pendulum, might be relied upon for six times the accuracy 
in question. 

The Astronomer Royal. With regard to the very important 
communication which has just been made to us, I think Mr. Gill 
has indicated that the possible difference of personal equation in the 
observations of stars of different magnitudes is likely to be important 
in questions of this kind. I was not aware of it until Mr. Gill was 
good enough to communicate that point to me a few days ago. I 
have not had an opportunity of verifying it ; but, if possible, I will 
take an early opportunity of doing so with regard to some of those 
stars which are most interesting to Mr. Gill. I would further 
observe that when I made a communication to the Society about 
twenty years ago (I forget the precise year) I spoke of various 
methods of finding the parallax of the Sun, and I advocated the 
ilotermining of the difference of right ascension between Mars and 
stars east of the meridian and west of the meridian as, upon the 
whole, what I considered the best. At that time there had been no 
good instance of the use of the heliometer in England, and certainly 
there had been no instance of its employment for any length of 
time. There were, at that time, a far smaller number of small 
planets exterior to Mars than there are at the present time, and 
there were none whose orbits fell so nicely near the orbit of Mars 
as some of those now known. Under the considerations which were 
before my eyes at that time, I was well justified, and, perhaps, I 
should still have been justified, in recommending the comparison 
of the position of Mars with the neighbouring stars as the best that 
could be adopted. But a new consideration has strongly suggested 
itself to me, that when you observe Mars with a star, you observe 
Mars under the circumstances of atmospheric refraction and dis- 
persion of light, and you observe the star under circumstances 
which, geometrically considered, are the same, but which, considered 
with reference to the dispersion of the light, may not be the same ; 
and those differences are prejudicial because they always operate in 
the same way on observations made on the east side and on the west 
side of the meridian. As regards the ultimate determination of the 
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parallax there is no getti ug rid of them. It is, I think, an important 
thing, which has been introduced, so far as I know, by Mr. Gill, 
that, instead of observations of Mars, observations of the smaller 
planets which come near to Mars have been introduced. 

Mr. Gill, I think Dr. Galle was the first who suggested that. 

The Astronomer RoyaL I think that is important, because the 
aspect of a star and the aspect of a small planet are so much the same, 
that it is probable that the atmospheric dispersion would be the 
same for both, and that would affect distinctly the difference of 
right ascension between the morning observations and the afternoon 
observations, upon which the determination of the solar parallax 
entirely depends. I would also say, with respect to some of the 
later points, that I think Mr. Gill has just mentioned what appears 
to be an approximate idea of the alteration to be made in the hitherto 
received magnitude of the solar parallax, and 1 think he exercises a 
wise discretion in suspending any thing like an official declaration 
until his reduction has been completed. 

Mr* Penrose read a paper on the solar eclipse in July last, not 
materially different from his account of his observations in the 
* Observatory,' No. 19. He also exhibited a drawing of the Corona, 
in which he had incorporated, with the results of his own observa- 
tions, the streamers seen by Prof. Cleveland Abbe, Dr. Edmunds, and 
Mr. Lockyer. In a diagram he further showed how these streamers 
might be formed by meteor-streams circulating round the Sun. 

Mr. Schuster • I have to offer some remarks on the observations 
made during the last total solar eclipse, and also some theoretical 
considerations which I hope will assist in the discussion of other 
observations. The observing station which I chose was in South 
Colorado, at a small village called Las Animas. I observed 
with a 4y-inch achromatic telescope, for which I was indebted to 
Col. Campbell of Blyth^wood, and with an ordinary spectroscope 
having a prism of dense flint and 60^ angle. Unfortunately I had 
an accident with the fluorescent eyepiece with which I intended to 
have studied the ultra violet, so that on the day of the eclipse I had 
to change the plan of observation and to conflue myself to the 
visible part of the spectrum. As the eclipse drew on, I covered the 
left eye with a piece of black velvet, and all the observations which 
preceded the eclipse have therefore be^^n made with the right eye. 
For delicate observations this is not unimportant. As an experiment 
I looked at a sheet of ordinary white paper about half an hour be- 
fore the eclipse, both with the eye which had been uncovered during 
the same time and also with the eye which had been covered; and 
the paper which looked to the one eye a dull white was so dazzling 
to the other that I could not bear to look at it. Whilst observing 
the spectrum as the eclipse proceeded, 1 was greatly struck with 
the fact that the blue and the violet lines of the spectrum came out 
with much greater intensity than they had done before. At the 
time I thought that it was merely the effect of contrast, that the 
general illumination had decreased, and that therefore the eye was 



Digitized by 



Google 



253 Proceedings at Meeting of [No. 20. 

more sensitive to the blue. So much struck was I with the fact* 
however, that I took notes about it until ten minutes before totality, 
when I could see the violet beyond the line K. After totality I spoke 
to Prof. Eastman, who was observing close by me, and showed him 
my notes, and he told me that he had been struck by the same fact. 
If you read Prof. Young's account of the eclipse you will find that 
before totality he could see the ultra-violet lines with a fluorescent 
eyepiece up to O better than he could do before the eclipse. I 
cannot conceive that this is merely the effect of contrast We 
know that the atmosphere is sometimes transparent to the blue 
rays and sometimes very opaque. It is conceivable that as the 
eclipse went on the atmospheric conditions were changed from the 
one to the other. We know that aqueous vapour is opaque to the 
ultra-violet, and that water is very transparent to the same rays. 
After quartz, water is the most transparent body for the violet rays, 
and it ranks in this respect higher than Iceland spar. During the 
eclipse the aqueous vapour in the atmosphere may have partly con- 
densed owing to the reduction of temperature, and we might thus 
explain the greater intensity of the violet rays as the eclipse went 
on. From ten minutes before totality I watched with one tube of 
the opera-glass to see whether the corona was visible before totality; 
but totality was close at hand when I could make out the corona. 
I saw it shoot out on one side, and I at once took up the beat of a 
chronometer which was close by me, and counted up to the time 
that the Sun finally disappeared, and I counted 6 seconds. I am 
sure that the corona was not visible at the station where I observed 
until about 6 seconds before totality, but I am sure it was visible at 
that time. As soon as totality began I went to the spectroscope. 
I had previously asked Mr. Haskins, who pointed the telescope for 
me, to put the finder on a strong prominence, or, if he saw none, on 
to the brighest part of the corona. He put it on the brightest part 
of the corona; the spectroscope was pointed to the violet, and I was 
startled by the great intensity of the violet end of t\e spectrum. No 
lines, either dark or bright, were visible. I measured the extent to 
which the blue end was visible, and I could see as far as wave- 
length 4070, which is further than the hydrogen line A. I narrowed 
the slit ; but apparently the width of the slit had no appreciable 
effect upon the limit of the spectrum, I then asked Mr. Haskins to 
move the telescope further away from the corona, and he moved 
it three tenths of the semidiameter away ; but I could find no 
difference in the intensity of the spectrum. I then moved the teU- 
scope into the green, and expected to find the green line, but I could 
not find it. I looked again, and I think I saw two faint green 
lines in the green ; but before I could put the pointer of my eye- 
piece on to them to make sure of them the Sun reappeared. Prof. 
Eastman, who observed close by me, afterwards told me he had seen 
a green line, hut he also suspected another line in the green a little 
more refrangible than the line 1474. I believe I have seen the green 
line 1474* although I am not sure ; but there can be no doubt that the 
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line was there, though faint. I saw no dark lines, neither were 
they seen by Prof. Eastman or Prof. Young, who worked with a very 
narrow slit. That the dark lines existed I have no doubt, from the 
observations made by Dr. Henry Draper's party ; but I should say, 
from my own observation, that they must have been weak. I give 
this as evidence that the continuous spectrum is not due to simply 
reflected sunlight, but the particles are also self-luminous, a thing 
which you might expect so near the Sun. The polariscope is likely 
to give us further information as to the reflexion of this light from 
the corona. There have been a good many observations about the 
polarization of the corona, but there has been no rigorous calcula- 
tion hitherto about what that polarization ought to be. It ought to 
increase away from the Sun, but the exact way in which it ought 
to increase was not known. I have made a calculation about the 
light scattered from the small particles in the neighbourhood of a 
luminous sphere, and I find that'the percentage of polarized light is 

3»in«^ cos ., + 003'.. 

4 -f cos ta -f cos^ w 

This gives the law according to which the polarization ought to 
increase. ^ is the angle subtended at the scattering point by lines 
drawn to the centre of the sphere and to the observer's eye ; w is 
the angle subtended at the same point by a line drawn to the centre 
of the sphere and a tangent to the sphere. It appears that a particle 
close to the Sun does not polarize the light at all, and that the 
polarization steadily increases as the point is removed from the Sun. 
M. Prazmowski, in i860, found that the polarization reached its 
maximum some way from the Sun, and decreased on either side. 
M. Janssen, in the year 1871, confirmed this fact. In the same year 
(1871) we had an observer in India, Mr. Winter, who found that the 
polarization was much smaller close to the limb than it was some 
distance away. During the present eclipse Prof. Wright measured 
the amount of polarization in the corona; but be only began 5' 
away from the Sun, and he found a rapid decrease of polarization 
after that. The increase of polarization is easily explained, but 
the decrease not so easily. The particles being hotter near the Sun 
than further away^ from it, they would increase the light nearer the 
Sun, and therefore render the relative amount of polarization still 
smaller at the Sun. The only explanation which would account for 
the decrease is, that beyond a certain point the particles are too large 
to polarize the light, but reflect it according to the ordinary laws of 
reflection. 

There is one more consideration to which I wish to draw the at- 
tention of the Society, ' It has often been remarked that the corona 
is symmetrical round the axis ; sometimes it has been said it is sym- 
metrical round the ecliptic, and the Sun*s equator and the ecliptic are 
inclined at an apparent angle varying from 7° 15' down td o. Cal- 
culating the amount of inclination for the various eclipses of which 
we have exact drawings, I find that in the eclipse of 1871 the in- 
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dinatioQ was more than 7°, and in 1870 it was nearly 7^. Then we 
have got the eclipse in Siara, where it was over 4^. Mr. Stone at the 
Cape of Good Hope had about 5^ ; and this time in America I 
think it will be between 4° and 5°. If we could refer to the old 
eclipses, especially the one in 187 1, we might get further information 
upon this subject. I had onljf time to look at it very slightly a few 
days ago, and I found that the axis of symmetry does not quite agree 
with the Sun's equator and still less with the ecliptic. On the hy- 
pothesis of meteor-streams there is no reason exactly why it should 
be in the ecliptic, even though there might be a reason why it should 
be inclined at a small angle to the ecliptic. I want to point out, how- 
ever, not only this symmetry, but a departure from symmetry which 
is observed in various eclipses. Take the eclipse of 1874 at the 
Cape, and the one of 1875 in Siam. The equatoreal streamers are 
wider and less divided up towards the east than they are towards the 
west. From drawings made in 1868, a similar but opposite thing 
was observed then ; and it is, I think, significant that the relative 
position of Sun and Earth in 1874 and 1875 was approximately 
the same, while in 1868 the longitude was about 120° different 

I took the axis of symmetry for the 187 1 eclipse from a photo- 
graph of Col. Tennant's in the 'Memoirs' of the Society ; I then took 
the north point as given by him, and also the axis of symmetry as 
shown upon the photograph. The equator was inclined at an angle 
of 7° 13' to the ecliptic. 

Mr. Marth, That is a roundabout way of doing it ; you need not 
trouble yourself about the ecliptic. 

Mr. Schuster. If I want to compare the Sun's equator with the 
ecliptic, I must do both and must calculate the position of both. 

Mr. Ranyard. There is some little doubt as to what is the posi- 
tion of the axis of symmetry. I should be sorry to say definitely 
within 5° where the axis of symmetry lies ; but there is certainly a 
difference in the inclination of the axis of symmetry to the Sun*s 
axis in the different eclipses : the exactitude with which the position 
of the projection of the Sun's axis can be determined differs very 
greatly; it cannot be laid down at all upon the photographs, unless 
reference- lines are given* In 187 1 such a reference-line was pro- 
vided by Lord Lindsay's assistant Mr. Davis. After the eclipse he 
exposed a plate and allowed the Sun to move onward by the rotation 
of the Earth, and thus traced upon the plate a line parallel to the 
equatorof the heavens. A series of pictures of the Sun were taken at 
intervals of about half a minute, and from these the position of the 
equator of the heavens was laid down upon the plate, and a corre- 
sponding line was laid down upon the plates upon which the negatives 
of the corona were taken. This operation could not be performed 
within, say, 1° of accuracy, though probably it would certainly be 
within 5° of the truth. I repeated the operation many times, and 
have no doubt that, in the case of Lord Lindsay's plates, the axis has 
been determined more accurately than with any others ; but when 
we come to the eclipses of 1870 and 1874, 1 should be sorry to speak 
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with such certainty. In order to determine the angles between the 
Sun's axis and the north point, two things have to be taken into ac- 
count — one the position which the Earth has with regard to the node 
of the Sun's equator, and the other the angle which the ecliptic 
makes with the equator in the heavens. The pole of the ecliptic 
may be as much as 23^ away from the north point, and the Sun's 
equator may make an angle of 7° with the ecliptic. With regard to 
polarization the question is one of considerable interest, which I have 
gone into in the Eclipse Report; I come to rather a different con- 
clusion, viz., that the decrease in the intensity of polarization near 
the limb might be due to the particles in the lower part of the 
corona being incandescent. Light from an incandescent body is 
always unpolarized, and the light of the incandescent particles, 
mixing with the polarized light, might tend to make the polarization 
less in the lower area. Mr. Schuster mentioned four or five obser- 
vations which tend to show that there is an area of maximum polari- 
zation, not at the Sun's limb, but at some little height above it, from 
5' to 10'. During the recent eclipse there was not such a definite 
area of maximum polarization as I expected ; and what astonished 
me most, was the way in which the polarization could be detected 
right down into the limb. There was an area of maximum polari- 
zation, but it was not nearly so marked as I expected to find it. 

JUr. Schuster. We do not know in what way the quantity of 
scattering matter varies with the distance from the Sun, and there- 
fore the integration which Mr. Ranyard said he did cannot be done; 
but we should take into account every element of the Sun's surface. 
The polarization ought regularly to decrease outward. I do not see 
that you can possibly integrate the elements along a line of sight, 
because you do not know in what way they are distributed along 
that line. 

Capt. Noble. I see it stated in the paper that the corona was 20 
times less bright than in the year 1870. Can Mr. Penrose tell me 
whether it is the fact that the corona was so very much dimmer upon 
this occasion ? 

Mr. Penrose. I unfortunately did not see the corona in 1870, 
but I know that the light on this occasion was very much greater 
than it was in 1870. In 1870, although a considerable part of the 
sky was clear to me, and I f^aw all the effect of the shadow rushing 
over and its effect upon the clouds, yet the actual Sun and Moon 
were hidden from me ; there was then very great darkness. On that 
occasion I had great difficulty in reading tolerably easy print ; 
whereas on this occasion 1 had no difficulty whatever with the fine 
pencil-lines of my notes. 

il/r. Ranyard read a paper by Prof. Piazzi Smyth on some 
measures of the lines of the B group in the spectrum of a high Sun. 
During the past summer Prof. Piazzi Smyth had visited Spain, in 
order to observe the absorption lines at the red end of the spectrum. 
He describes the B line, vi hich is usually given ai» a broad black line, 
a breaking up into a bundle of fine lines. 
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A paper from Mr. Burnham of Chicago, which is to be printed 
in the ' Memoirs/ was also referred to. It contains a list of the double 
stars which Mr. Burnham has discovered and observed with the 
Dearborn i8^-inch equatoreal during the past year and a half. 

Mr. Neison. In a recently published volume forming one of the 
publications of the Washington Observatory, Prof. Newcomb has 
reduced a number of ancient observations of the Moon, and from 
them derived a correction to the secular acceleration of the mean 
motion of the Moon. In this way he obtains for the secular ac- 
celeration indicated by observation a value of 8"'3i. It will be 
remembered that from the investigation by Delaunay and Prof. 
Adams it was found that the theoretical value was only equal to 
6"*i8; whil:)t Hansen in his papers had given reasons for believing 
that the observations indicated a value of i2"-i8. It has been 
generally believed that this difference between these two values was 
due to the friction of the tides upon the Earth, which caused the 
Earth to be retarded in its rate of rotation, so that the days were 
rendered a little bit longer. Prof. Newcomb now shows that the 
observed value is only S"'^i, or very much closer to the theoretical 
value, showing that if there was any tidal retardation it must be 
very much smaller than was assumed. In looking over Prof. 
Newcomb's paper it struck me that his observations had given very 
great weight to the most ancient eel ipse of all, the lunar eclipse which 
occurred B.C. 720 in Babylonia. I find that that eclipse was dis- 
cordant with all the other eclipses; for whereas the other eclipses 
indicated a very large correction to the value assumed by Hansen, 
this particular eclipse indicated a value pretty nearly equal to it. 
It struck me that it would be advisable to consider what would be 
(he effect of leaving out this discordant group of eclipses, and I 
found that it al once reduced the value of the secular accelera- 
tion from 8"'3i to 7 '''20. By this means the most probable value 
indicated by observation diflfers only by one second of arc from 
that obtained by theory ; and this circumstance throws a great 
deal of doubt upon the supposed retardation in the rotation of the 
Earth. 

Mr. Ranyard re^d a paper on the presence of particles of meteoric 
iron in the atmosphere. 

In a paper by Mr. John Murray, published in the Proceedings 
of the Royal Society of Edinburgh, on the deep-sea mud brought 
home by the * Challenger' expedition, he describes numerous small 
particles- of iron which appeared to have a meteoric origin. When 
they were extracted by means of a magnet, and moistened uuder 
the microscope with an acid solution of sulphate of copper, he 
found that the copper was deposited in ramified markings and lines 
which reminded him of the structure seen in meteorites. When a 
meteorite is polished and etched, it shows a crystalline structure 
which is very characteristic. Mr. Murray found that the copper de- 
posited itself upon the little spherules in lines which reminded him 
of these characteristic markings. He also found several small 
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brown nodules with a mamillated outer surface like the Cape 
meteorite ; he was so struck with the peculiar surface of those ma- 
millated nodules, and the strange lines in which the copper was 
deposited, that he felt forced to believe that the iron had a cosmic 
origin. He came to the conclusion that the reason why these little 
masses of iron were found at great depths, and not found in such 
quantities in mud brought from shallower depths, was that in the 
very deep seas there is very little to fill up and to obliterate the 
cosmic dust, while that which falls into the estuaries of rivers or 
within some hundred miles of them is lost in the matter brought 
down and continually being deposited. Prof. Alexander Herschel 
has, I understand, seen these small iron particles, and is convinced 
of their cosmic origin. Besides this a Swedish mineralogist exposed 
some glycerine plates to the wind, and on examining the dust col- 
lected on the plates found small particles of iron. It has been suggested 
that possibly these particles might come from iron-works or from 
forges in some neighbouring town ; and I thought it worth while, 
on returning from America, to attempt to collect some dust out at 
sea. Dr. Draper was good enough to give me a box to hold the 
plates and some glycerine which 1 found was perfectly free from iron ; 
the plates were exposed when we were a thousand miles from land, 
some of them for 30 hours, and some for 18 hours, having first 
been cleaned and covered with pure glycerine. Since my return 
I have examined them microscopically, and on one of them I found 
. a particle of iron, perhaps the -^^q or ^ ^^ of an inch in its longest 
diameter. 1 am not quite satisfied with the experiment, because on 
putting the plates into the box it was not properly cleaned. The 
sides should have been covered with glycerine so as to prevent dust 
from the box falling on the plates. My object in bringing the 
matter before the Society is to try to induce somebody else to 
undertake a similar experiment with greater precautions. Not only 
should the chemicals be tested, and the plates properly cleaned, 
but the inside of the box should be covered with glycerine, and a 
day or two should be allowed before the clean plates are put in, so 
that if there is any dust it may be deposited upon the glycerine in 
the box. I should say that the wind was not directly ahead of us, 
but still it was not blowing from the direction of the funnel or from 
the ship. 

Mr. Gill. I thought that the dust found in those cases of mud 
was very much more microscopic in character ; you describe it as 
something which you could not imagine as being carried by the 
wind. 

Mr. Ranyard. I found some other traces of iron, but it was 
mostly in connexion with minute hairs or minute sea creatures. Ail 
the animal matter that I found upon the glycerine seemed to contain 
iron and to give a red reaction. 

Dr. Draper was good enough to give me, to present to the Society, 
an original negative of the spectrum of the Sun and the spectrum 
of oxygen. It will be remembered that Mr. Christie made a map 
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of the part of the solar spectrum id the neighbourhood of the G 
line, and he found a number of lines that were not shown in a paper 
print which was published by Dr. Draper in the pamphlet announ- 
cing his discovery of oxygen in the Sun. Mr. Christie fonnd that 
the bright lines which were shown in that paper print were, when 
examined with greater dispersion, broken up, and he thought it was 
improbable that the oxygen lines would themselves be broken up in 
the same manner so as to correspond with these solar lines. Mr. 
Christie mapped a small portion of the spectrum, which I have very 
carefully examined with high dispersion by means of a grating of 
17000 lines to the inch. There can be no doubt that the bright 
solar lines are very much broken up indeed. But the chief reason 
why Dr. Draper gave me this photograph was in order that I might 
show to the Society a certain group of four unequal lines of oxygen ; 
it will be seen that they match with four similar lines in the solar 
spectrum. A great deal more is shown in this photograph than is 
shown in the paper one, which was printed by some automatic 
method and was published with Dr. Draper's paper. It will be seen, 
on examining this, that a line that appeared single in the prim is 
broken into four lines of very different intensities ; and not only do 
these four lines match in position, but they seem to match also in in- 
tensity with the intensity of the bright lines of the* oxygen spectrum. 
Dr. Draper's expression about it was, that he would be willing to 
rest the whole case on those four lines. The chances of such coin* 
cidences in position, taken together with the chances of the relative 
intensities matching as they do match, would, 1 think, be enough to 
prove the case. And I think that is borne out when you take into 
account what is the probability of the lines matching as these lines do. 
I believe I should not be over:«tating the case if I said that the chance 
against their matching in position as they do was 8 to i, but let us 
say 6 to I ; then the chance against four such coincidences would 
be 6^ to I, or more than 1200 to i, and then we have to take into 
account the matching of the relative intensities. 

Mr. Christie, Mr. Ranyard has rather misunderstood my reason- 
ing with regard to this question of the lines. The chief point on 
which I insisted was that, whereas in Prof. Draper's photograph the 
80-called bright lines were fuzzy and quite as broad as the spaces 
between them, in the photographs which we have taken at Green- 
wich, and also in Dr. Rutherfurd*8 fine photographs of the spectrum, 
the dark lines, as we have been in the habit of calling them (or, as 
Prof. Henry Draper would call them, the spaces between the bright 
lines), were narrowed, whereas the interspaces were broad and of a 
perfectly even tint throughout, coming up to a sharp edge. That 
is the difficulty which I felt in accepting the view that those are 
really bright lines. I have not seen Dr. Draper's photograph ; but 
with regard to the question of matching, I should like to ask Mr. 
Ranyard, as he attaches so much importance to the coincidence of 
4 lines, how much be would attach to the coincidence of 65 ? — be- 
cause I suppose he is speaking of Prof. Henry Draper here ; but 
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Prof. J. C. Draper has found a coincidence of 65 dark lines of oxy- 
gen *, so that we are in a difficulty at present as to whether there are 
4 bright lines of oxygen or 65 dark lines. So far as the evidence 
which has been put before me goes, I prefer to take Prof. J. C. 
Draper's 65 lines, which have been mapped on a very much larger 
scale, so that we can determine the coincidences with greater ac- 
curacy. Prof. Henry Draper may have determined them with great 
accuracy; but the one photograph which was exhibited was on far 
too small a scale to settle a nice point of that kind with any degree 
of certainty whatever. The probable error of the determination of 
coincidence is far too large to settle a question like that. In the 
negative the lines may have been much better defined, but still the 
matter of the coincidence of those bright lines in the case of com- 
parison spectra is very difficult indeed. I can speak from experience 
in comparing the star spectra; and in comparing the bright magne- 
sium lines with the b lines, the slightest displacement of the spectro- 
scope or of the electrodes will alter and shift the lines, so that it is 
very difficult to answer for minute quantities in those coincidences. 

Mr, Ranyard. That makes the matching all the more important 
when they do match over a large area. Mr. Christie has construed 
what Prof. J. C. Draper has done as though it was a contradiction of 
the work of Dr. Henry Draper, whom we all know. I do not at pre- 
sent know who Prof. J. C. Draper is. 

Mr. Schuster, He is his elder brother. 

Mr. Ranyard, But it is not a contradiction. We cannot know 
how many spectra oxygen may have. Oxygen may have allotropic 
forms ; in fact we know in the laboratories it has allotropic forms. 
It may have several spectra, and it is not impossible that we may find 
a dark-line spectrum in the Sun at one depth, and a bright-line spec- 
trum at another depth. So far as I read the paper of Prof. J. C* 
Draper, he made a photograph of the dark lines of the Sun, and he 
found the coincidences which have not been found by other men. His 
method appeared to me to be faulty; he enlarged the photograph on a 
screen by a magic-lantern process, in which there would be great 
distortion. I should think it a very unsatisfactory method of finding 
the positions of lines to throw them upon a screen and then to de- 
termine their positions. He did not measure the oxygen lines him- 
self; in fact I take it that there is nobody who has measured those 
lines and published them, besides Dr. Henry Draper, M. Thal^n, 
M. Pliicker, and Mr. Huggins. He took the position of the oxygen 
lines from Watts's * Index of Spectra.* 

Mr. Christie. I do not think that is quite a correct statement ; he 
determined his scale from the iron lines. 

Mr. Schuster. He suddenly changed his method of observation. 
Up to a certain point he took the iron lines, and from these he took 
the other method, the oxygen lines themselves. I find that when he 
took the iron lines, they a^ree, as well as one could possibly expect, 
with my own measurements, which have been taken by similar but 
• * Observatory,* No. 19, p. 232. 
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still different metbods. "When he took the oxygen lines themselves 
as reference lines, his wave-lengths do not any more agree with mine, 
and I believe them to be wrong ; but that only applies to about one 
fourth of the whole number. The other measurements agree very 
well, and I think they have been fairly taken ; but I think he has 
underrated the probable error of one determination. It is probably 
a very large fraction of the distance of two dark lines in the solar 
spectrum ; and for this reason I did not think his paper is conclusive 
as to the existence of corresponding dark lines. 

Mr, Rangatxl. There is a difference of two or three tenth-metres 
between him and Dr. Huggins. 

Mr, Christie, I am aware of that ; I only mention it to show the 
difficulty in the comparison. If we take the 4» I do not see why we 
should exclude the 65. Not one of those lines which Dr. Rutherfurd*s 
and our photographs show is showii upon this photograph of Dr. H. 
Draper s ; it shows no more than is shown in the paper print. 

Mr. Ranyard. I think it shows a great many more than one in 
the print. This was taken with a dispersion equal to four prisms. 

Mr, Christie. But that is the point at issue. Can you decide 
the question with a dispersion of four prisms ? 

Mr, Ranyard. We cannot say with absolute certainty that iron 
is in the Sun ; but the probability that iron is there is enormous, 
because there is a very large number of iron lines, and the coinci- 
dence of tiiose lines has been determined with a large dispersion ; 
but nobody in England has brought the spectrum of oxygen by (he 
side of the solar spectrum and photographed it ; nobody has, indeed, 
had an instrument with which he would have been able to produce 
the oxygen spectrum sufficiently bright and continuous ; and until 
photography shows that there are not those coincidences, I hold 
there is a large probability that such coincidences do exist. 

Mr. ChHstie. Mr. Ranyard be^an by stating that Prof. Henry 
Draper's photograph showed the same fine lines which I had in- 
stanced as tending to show that the spaces in the solar spectrum 
could not be bright lines of oxygen. Now it appears that the lines 
of which Mr. Ranyard is speaking are totally different lines ; they 
are spaces in another part of the spectrum, and they are not broken 
up at all in Prof. H. Drapers photograph. The whole point of 
the matter then is that in Prof. H. Draper's photograph there are 
certain spaces in which the definition is not sufficient to show fine 
dark lines. In Dr. Rutherfurd*s photograph, and in those taken 
at Greenwich, there are certain fine dark lines shown in these spaces; 
and the question is, how to explain the presence of those fine dark 
lines in the middle of the so-called bright oxygen lines. As I 
understand Mr. Ranyard, he now withdraws his statement that fine 
lines are shown in those spaces which I had specified. 

Mr, Ranyard, I do not withdraw the statement that those lines 
appear a great deal more broken up by further dispersion. I have 
here a little very rough map of a group of lines in the part of the 
spectrum drawn by Mr. Christie, showing a great many more lines 
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than are given in Mr. Christie's drawing ; it was made with a dis- 
persion corresponding to eight prisms of 60°, and yet I saw a great 
many more lines than are shown in the drawing which Mr. Christie 
says corresponds to a dispersion with his half-prism spectroscope of 
60 prisms*. 

Mr. Christie. No, I said 15 prisms. 

Mr. Ranyard. With eight prisms I saw a great many more 
lines ; but that has nothing to do with the way in which the oxygen 
spectrum may be broken up. You have not, and nobody else has» 
so far as I understand, examined the oxygen spectrum with a high 
dispersion, and until that has been done, and it has been shown that 
there is no coincidence, the matter stands as it was. 

Mr. Brett. We have all heard with great pleasure that one of 
our Secretaries has been so fortunate as to make a very important 
photograph of the eclipse in America, and the Meeting will be very 
much disappointed if his natural modesty should be allowed to 
stand between us and the gratification we anticipated at seeing 
this valuable photograph. May I suggest that it is probably on the 
table and should be shown to us. 
. Mr. Ranyard. It is not on the table. 

The President. I think with a valuable negative like that it is 
not desirable to have it on the tablet. 

Mr. Marth said he would call attention to a phenomenon oc* 
curring next year, which, though it could not be observed by astro- 
nomers on the Earth, possessed perhaps as much interest as, say, a total 
eclipse of the Sun observable only at some inaccessible region near 
one of the poles. The phenomenon in question would only be 
visible to astronomers on the planet Mars. On Nov. 12, 1879, be- 
fore 2** G.M.T., a small black body would make its appearance on 
the south-following side of the disk of the Sun ; in 6 minutes it 
would have fully entered upon the disk and would proceed slowly 
from left to right. About a quarter past 4^ another and biggeV 
black body would encroach upon the disk and would occupy 21 
minutes before it had fully entered upon it. The two bodies were 
the Moon and the Earth, and they would be visible from all parts 
of Mars where the Sun was above the horizon. But observers 
placed along a certain zone or track would have the opportunity of 
seeing a third and apparently much bigger body cross the Sun's 
disk. It was at present somewhat uncertain at what exact time 
this third body would make its appearance, probably a quarter to 4^ 
while the moon was yet alone on the disk. This third body would 
come from the right-hand side in a direction at a considerable slant 
towards the south ; and Martial observers would have to look sharp to 
observe all the contacts, since the time for doing so would be limited 
to some twefity or thirty seconds. This third body was Phobos, 
the inner satellite. But Martial astronomers would be much more 

* [Mr. Banyard's map of the spectrum was not produced at the Meeting. 
— Ed.I 
t [Mr. Baayard's eolipse photograph was not produced.— Bd.] 
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intere5ted in the Transit of the Earth and Moon than in that of 
Phobo8, Kince in the course of a Martial year there were no less 
than about 1388 transits of Phobos across the Sun visible from 
some part or another af the planet, while the number of the transits 
of Deimos was about 133. On the other hand, the Transits of the 
Earth and Moon were rare occurrences, the last one having taken 
place in 1800, while the next to follow would happen in 1905. 
About a quarter to 10^ the Moon, which meanwhile had drawn 
nearer to the Earth, would quit the Sun's disk and the last external 
contact of the Earth with the disk would take *place at Greenwich 
midnight. But before internal contact, about half past iiS Phobos 
would again make its appearance upon the Sun for certain stations, 
after having meanwhile performed a whole revolution round the 
planet 

The following papers were announced : — 

T. H, Safford. Note upon the Proper Motion of 5 Serpentis. 

A. T. Arcimis. Transit of Mercury, 6th of May, 1878, observed 
at Cadiz. 

J. Teblmtt. Discovery of Encke's Comet. 

Maxwell Hall. Additions to the Theory of the Sidereal System. 

Prof. C, Priichard. Account of additional buildings and pro- 
ceedings at the Oxford University Observatory. 

Prof. C, Pritchard. Observations of the periodic Comet of 
Tempel, 1878. 

Prof. H. Draper. The Solar Eclipse of July 29th, 1878- 

T. H, Safford, Note upon the Star Bradley 2935. 

E. H. Liveing. On a portable Star-finder for altitude and azi- 
muth telescopes. 

The following were ballotted for and duly elected Fellows : — 

B. G. Jenkins and Rev. J. M. Coates. 

The following were duly elected Associates : — 

Dr. C. Bruhns, Baron H. von Dembowski, G. W. Hill, and Prof. 
E. Schonfeld. 



The Sun's Corona during the Eclipse of 1878. 

We have arrived at a stage of eclipse observation where regular 
work may be said to begin. Hitherto a general survey only was 
taken of the various phenomena, and hardly any quantitative 
measures were made. This may be compared to the preliminary 
work of any scientific investigation. The most important results, 
however, will only come out by a study of minute changes in dif- 
ferent parts of the corona and during different eclipses. Some of 
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the American observers during the present eclipse (as Prof. Eastman 
in his spectroscopic observations, and Prof. Arthur Wright in his 
polariscopic observations) have been alive to this fact, and may be 
said to have inaugurated a new era. In future the results will 
altogether depend on such numerical measurements. I shall give 
in the following pages what seems to me to be a fair statement of 
the results obtained during the last eclipse, and of their bearing on 
other eclipses. We must remember, however, that the Washington 
report has not appeared yet, and that although some of the results 
of the Washington observers are known, others, perhaps equally im- 
portant, may appear only in the detailed report* 

To begin with the spectroscopic observations. These have been 
partly photographic, and partly made by eye observations. Dr. 
Draper and Mr. Lockyer obtained photographs by means of 
slitless spectroscopes. These slitless spectroscopes, or prismatic 
cameras, as they have been termed, are useful chiefly in determin- 
ing the nature of the light ; but they also give further valuable 
information. In the eclipse of 1875, in Siam, it was possible to 
decide, for instance, to what heigbt in the corona and how far into 
the ultra-violet the continuous spectrum left a photographic im- 
pression on the plate during the time of exposure (see Phil. Trans. 
1878, part i.). At that time a distinct ring was observed round one 
part of the sun, corresponding to the hydrogen line G ; this year 
only a continuous spectrum appeared. Dr. Draper's remarks on 
the subject are as follows : — ** It was the general impression that it 
would be impossible to obtain a photograph of the diifraction- 
spectrum of the corona ; but the result proved the contrary, for on 
developing the photograph immediately after totality it appeared 
that I had obtained a spectrum without the least trace of a ring, 
showing that the corona on this occasion did not consist of an in- 
candescent gas giving a few bright lines^ but that its light was due 
to reflection of sunlight by solid or liquid bodies surrounding the sun 
like a cloud of meteors.*' 

The result thus obtained by the photographic method is in entire 
accordance with that obtained by eye observations. I shall quote 
Professor Young's words on the subject. His experience in spec- 
troscopic work during eclipses renders his opinion decisive. He 
says, in a letter to the * New York Times* (reprinted in * Silliman's 
Journal ' for September* : — " While, however, there may be room 
to question the conclusion that the corona this year was uncom* 
mouly faint, there can be no question that its spectrum was pro- 
foundly modified. 

« The bright lines which come from its gaseous constituents were 
conspicuous in 1869, and in all the subsequent eclipses until the 
present one ; but this year they were so faint as to be seen by only 
a few of the observers, while the great majority missed them entirely, 
seeing only a continuous spectrum. 

* C/. * Observatory/ No. 19, pp. 134, 235. 
VOL. II. U 
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<'.... The same constituents appear in the corona as hitherto 
only in altered proportions, as might have been and was expected 
by students of solar physics. In 1869, 1870, and 1871 the gaseous 
elements of the corona — the hydrogen and * 1474 stuff,' whatever 
that may be — were in such quantity and condition, and rose so.high 
above the solar surface, that their lines were conspicuous in the 
coronal spectrum, and attracted the attention of observers far more 
forcibly than the feeble continuous spectrum of the light emitted 
from, and reflected by, the minute solid and liquid particles which 
also constitute an essential element of the corona ; at present the 
condition is reversed. The gases are either too small in quantity 
or too cool to be conspicuous. The lesson, and it is tin important 
one, is simply, as has been said, that to a certain extent the corona 
sympathises with the sunspots." 

Professor Eastman also testifies to the great faintness of the green 
line, and I can vouch for the fact from my own observation. But, 
although Prof. Eastman agrees with every other observer that the 
green line was faint, he had no difficulty in finding it and tracing 
it round the solar disk, noting down, with the assistance of Mr. 
Pritchett, at what height from the Sun*s limb the continuous 
spectrum and green line disappeared. The result was rather re- 
markable ; for although the corona extended to a much further dis- 
tance in a direction approximately parallel to the solar equator, the 
visible spectrum disappeared at distances sensibly equal in all 
directions. The value of Prof. Eastman's measurement lies chiefly 
in the fact that it will afford us a ready means of comparison be- 
tween future eclipses and the present one. 

Whether the great faintness of the green line during the present 
eclipse is really due to absence of sun-spots, is at present Impossible 
to decide with certainty ; but, as Prof. Young remarked, it is a fact 
which " might have been and was expected by students of solar 
physics." 

Another interesting matter was settled during the present eclipse. 
It was found in 1875 ^^^^ ^^^ ^^^s^ actinic rays of the prominences 
were not due to hydrogen, but to a line near H ; that is to say, that 
in photographing a prominence we do not photograph the hydrogen 
at all, but some other substance. Prof. Young, who had seen at 
Sherman the H lines reaching high up in the chromosphere, sug- 
gested that the line near H was H itself, a question which the 
small dispersive power of the prismatic camera used in Siam did 
not allow us to decide. During the late eclipse Prof. Young, using 
a fluorescent eyepiece looked for and discovered the H lines reversed 
in the chromosphere as the Sun reappeared. The question whether 
magnesium or calcium reaches up highest in the Sun*s corona has 
therefore received a satisfactory settlement. 

It is fortunate that Profs. Morton and Barker, observing in Dr. 
Henry Draper's party, saw the Fraunhofer linea reversed in the 
light of the corona. The reversal escaped several other observers ; 
yet it undoubtedly exists, and has been proved to exist also during 
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former eclipses. It would be rash, however, to assume that the 
whole of the contiDuous spectrum is reflected sunlight. Any par- 
ticle which is sufficiently large to scatter sunlight will give a con- 
tinuous spectrum if it is luminous, and luminous it must be so near 
the sun. The polariscope will most likely settle the proportion of 
the scattered light present. 

Professor Arthur Wright has taken a series of very careful 
measurements of the amount of polarization at diflerent distances 
from the Sun, and has confirmed his result by three independent 
methods. He found that for three different distances, the nearest 
of which was about 5' away from the Sun, the polarization rapidly 
decreasied as the distance increased. The result is remarkable, for 
I have calculated that whatever hypothesis we make as to the dis- 
tribution of scattering matter in the corona, the polarization ought 
always to increase as we move away from the Sun. 1 see only one 
way out of the difficulty, and that is to suppose that at some distance 
away from the Sun the light is that scattered from matter too large 
to polarize the light ; that this matter is broken up as it falls into 
the Sun ; so that gradually as we approach the Sun the light re- 
flected from large particles decreases, and that scattered from small 
ones increases. Very near the Sun, the observations made by 
Prazmowski (i860), Janssen (i87i),and Winter (1871) are in 
accordance with theory, and give a decrease of polarization as we 
approach the Sun. I need not insist on the importance of making 
accurate polariscopic measurements during future eclipses so as to 
discover any change in the quantity of scattering matter. 

Many valuable photographs have been taken during the late 
eclipse ; the most perfect ones, however, were two sets taken by 
the Washington observers : one set was taken by Mr. Rodgers in 
Prof. Hall's party. La Junta, Colorado ; the other by Prof. Hark- 
ness in Wyoming. The two sets are so much alike that were it not 
for a slightly greater extension in one of the sets, owing, most likely, 
to the greater transparency of the atmosphere in Colorado, it would 
be impossible to decide which was which supposing they were mixed 
together. It will be interesting to compare the details of these 
photographs with those shown on Mr. Penrose's excellent drawing. 

In conclusion, 1 wish to mention a speculation which has forced 
itself on me, and which, however wild it may at present appear, 
deserves at any rate to be disproved before it is set aside as useless. 
So much ridicule is thrown in this country on any one who attempts 
to find out something more about sun spots than is already known, 
that only a full sense of its importance can induce one to mention 
the subject Yet even those who have the most intense hatred of 
sun-spots and every thing connected with them, admit, I believe, that 
sun-spots exist, and some of them go even so far as to believe that 
the existence of an eleven years' period is a fit subject for discussion. 
This period must be produced by some cause either internal or ex- 
ternal to the Sun. An internal cause is extremely unlikely, and an 
external cause has not yet been discovered. Now during the dis* 

u 2 
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cussion of the laie eclipse, the view that the corona is at any rate 
partly due to meteor-streams circulating round the Sun has again 
come prominently forward. In their approach towards the Sun the 
increased chances of collision amongst the meteors and the disinte* 
gration of matter owing to the great heat, must cause many of them 
to fail into the Sun. The inequality of temperature produced by 
such a fall on the surface of the Sun may cause currents, which, 
under certain circumstances, will produce cyclones, which we observe 
as sun-spots. Is it not possible that these meteor-streams have an 
eleven years* period ; that every eleven years more matter falls into 
the Son and more sun-spots are produced ? If the corona is partly 
produced by meteor-streams, we can hardly escape the conclusion 
that these meteor-streams are periodic ; for on looking at the shape 
of the corona, as indicated in the drawings of 1868, 1869, 1870, 
187 1, 1874, 1875, and 1878, we perceive a gradual series ofchanges, 
until during the last few years the corona reverts approximately to 
the shape of 1868. That the corona varies infinitely in detail is 
certain, but it is equally certain that its general rough outline, though 
changing, is regulated by fixed laws. Look, for instance, at the 
drawing of the eclipse in 1868 (copied in Lockyer's 'Solar Physics/ 
p. 289); we see short polar rifts and long equatoreal rifts forming 
what the Siamese called fis^htails in 1875. In 1869, when sun-spots 
had considerably increased, the symmetry round the Sun's axis is 
almost entirely gone, the polar rifts having as great an extension as 
the equatoreal ones. In 1870, when sun-spots were near a maximum, 
it is not possible to distinguish any symmetry on Mr. Brothers's 
photograph. In 1 870, when sun-spots had decreased again, the 
polar extension is still large, yet an axis of symmetry can be di- 
stinctly traced on Col. Tennant's photographs; in 1874 the corona 
has almost regained the shape of 1868, and the general outline has 
remained sensibly the same during the long period of minimum 
through which we are at present passing. This series of changes 
may be accidental, yet it is highly suggestive. 

Arthur Schuster. 



The Stars in their Courses^ 

Oke of the commonest defects in star-maps is the confusion caused 
by the presence of lines and marks which have no existence in the 
heavens. Circles of R. A. and Dec. and the names of constellations 
and stars are necessary for purposes of identification ; but they are 
apt sadly to interfere with the recognition of the stellar configura- 
tions, being usually far more conspicuous than the stars as repre- 
sented. Out of mere wantoness on the part of their makers, as it 

* ' The Stars in their Courses/ By Thomas Sebastian Bailey, M.A. Triib- 
ner : London, 1878. 
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irould seem, star-charts used to be, and globes even now are, dis- 
figured by the figures of men and animals, which effectually distract 
the eye from suclk faint traces of the host of heaven as might pain- 
fully be made out amongst the multiplicity of lines, circles, names, 
and letters. Argetander is almost alone in having paid attention 
to this important practical point ; and in his *Uranometria Nova' he 
was careful to subordinate the reference-lines and marks by having 
them engraved as lightly as possible, and in red, so that at night 
they are scarcely noticeable. His' large Atlas and that of Dien, on 
somewhat the same model, are equally successful in this respect ; 
and, with the exception of the present work, they are the only maps, 
as far as we know, in which the configuration of the stars can be 
traced with comfort. 

Mr. Bazley has evaded the difficulty to which we have alluded 
by having a duplicate set of maps, one of which shows the stars 
without circles of R.A. and Dec. or distinguishing marks, whilst the 
other has the reference-lines and names inserted, so that identifi- 
cation is rendered easy. The stars are represented as black dots 
on a white ground, and the principal constellations, such as Orion, 
Pegasus, Ursa Major, Cassiopeia, Leo, the Hyades, &c., strike the 
eye at once. The brightest stars, Sirius, Arcturus, Vega, and Ca- 
pella, are, however, not sufficiently conspicuous, Mr. Bazley having 
used the same size of dot for them as for stars of ij| mag. The 
configuration of stars in Bootis is quite spoilt by the near equality 
in size of Arcturus and e Bootis on Mr. Bazley*s maps ; but this is 
almost the only instance of the kind we have noticed. It is, in 
any case, a more pardonable fault to make some of the dots rela- 
tively too small than to make all the bright stars more than twice 
the size of the Moon, as Mr. Procto* does in his maps, thereby de- 
stroying all trace of resemblance to the objects intended to be re- 
presented. Even in Mr. Bazley *s maps the stars of the second, 
third, and fourth magnitudes might rather be reduced in size than 
those of the first magnitude increased. However, considering the 
practical difiiculties in lithographing the maps, the resemblance to 
the heavens is as close as can reasonably be expected. 

Another feature, to which we cannot give the same unqualified 
commendation, is the representation on one map of the whole of 
the heavens visible to an observer in our latitude. This system has 
its advantages and its drawbacks. To take the latter first : if an 
attempt be made to include all stars which at any time appear above 
our horizon, the pole must be made the centre and the map must 
extend to N.P.D. 128°. Whatever projection be adopted, there 
must be great distortion. To diminish this, Mr. Bazley adopts the 
alternative plan of putting the zenith in the centre, and merely 
giving those stars which are above the horizon at the hour of 
sidereal time chosen for the particular map. Thus the radius of 
the map will be 90^ instead of 128% the boundary being in this 
case the horizou, and the distortion will be comparatively small. 
Its effect will be to convert a square into a lozenge-shaped figure, 
when far east or west of the meridian, as may be well traced oa 
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Mr. Bazley's maps in the case of the square of Pegasus and Orion. 
But it is obvious that a number of maps will be required to repre- 
sent the appearance of the heavens at different houns ; and the ques- 
tion arises whether, with the tweWe maps which Mr. Bazlejr gives 
(in duplicate), more could not be done if each map only included 
a portion of the heavens. A larger scale might, of course, be 
adopted, and the fainter stare might be inserted. But it must be 
admitted that Mr. Bazley s plan has great advantages. A glance 
at the map corresponding to any particular hour shows what con- 
stellations are above the horizon and in what positions ; and it thus 
forms one of the best companions to the telescope. Further, there 
is no break of continuity in the series of constellations. If each 
map represent only a portion of the heavens, it is necessary to 
allow a very liberal overlapping — which^ by the way, is never done 
in practice, — or to adopt some such projection as Mereator^s, 
which will allow of the representation of the greater part of the 
heavens on one continuous sheet, with separate charts of the stars near 
the north and south poles. By extending these latter so as to orer* 
lap the central zone considerably, the configurations of the stars 
could be followed without interruption ; but maps on such a system 
would fail to show the positions of the various constellations in the 
▼inible heavens at any time, which is one of the great merits of Mr. 
Bazley's charts. A set of circles of altitude and radii of azimuth, 
lithographed (in triplicate) on tracing-paper, adds to their useful-' 
ness in this respect. 

On the maps, which extend to 36° S. Declination, the places of 
1400 stars (down to 5^ niag.) are laid down on the equidistant 
projection for the epoch 1890, and in the Introduction the R.A. 
and Dec. are given for 1558 stars, together with their magnitudes. 
The collation of the various magnitudes assigned would have been 
more useful if Mr. Bazley had confined himself to original autho- 
rities. The British Association Catalogue is notoriously untrust- 
worthy in this respect ; and it is hard to conceive how any on* 
could take Mr. Proctor's maps as evidence of variability in a star* 
They would be more likely to give evidence of human fallibility. 
On the other hand, a comparison of Piazzi's magnitudes would have 
been instructive, as he paid special attention to this point, and his 
observations were made at a distant epoch. Again, Sir J. Herschel's 
photometric determinations of the magnitudes of 150 stars, though 
he only went as far as the 3^ mag., might, with advantage, have 
been given. Herschel devoted much time to this subject, and his 
results appear to deserve every confidence, whilst, to the extent to 
which he went, his magnitudes are not sensibly affected by the pe- 
culiar scale he adopted. 

On the whole, we think that Mr. Bazley's star-maps are the most 
convenient for use that we have yet seen. They give all the stars 
seen under ordinary circumstances with the naked eye ; and for 
those who require more, they form an excellent key to Argelander'a 
or Dien's charts, indicating, as they do, where the principal stars 
may be found in the sky at any hour of the night. Editor. 
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Double Stars for December, 

[^The colours of y Andromeda, — On this subject the following 
observations will be read with interest by Mr. Barneby if he has 
not already met with them. 

Dawes (Mem. R. A. S. Vol. xxxv.) has these descriptions of the 
colours of the close pairs: — "Both blue;" ^* both greenish blue ; ** 
"both green;" *' both blue;" "both blue;" "both pale green;*' 
" A greeny B deeper green," When these estimates were made the 
stars were never seen clearly separated. When the separation was 
effected, the following descriptions are recorded: — "Bvery/wi/« 
yellow, C blue;* "B greenish gelhwy C bluish green." So that 
Mr. Barneby 's careful observations are clearly confirmed by the 
estimates of Dawes. On the other hand. Dr. Dun6r, a most careful 
observer of large experience, and using a fine 9*6-inch refractor, 
always sees B blue or green^ never geUow, and C always bli4e. His 
observations were all made when the separation was certain or con- 
siderable. The colours of B C given in ' The Observatory ' for 
October were taken from M. Fiammarion*s extensive Catalogue of 
Double Stars.] 

The following pairs have been but little observed, and therefore 
call for some attention at the present time. 

S 269. R.A. 2^ 2i»-i, Dec. +29° 20'. 

Magnitudes, A 7-5, B 9-8 (2); A 6^, B 10 (Sm.); A 8, B 91^ 
(Mo.). Colours, A yellow, B ash. 

1873*9 345^*9 i"*4 Wilson and Seabroke. 

S 295. R.A. 2^ 35"-i, Dec. — i** 12'. 

Mag. 6, 9*2. Colours, A yellow, B ash. Binary. Common 
proper motion — o"*oo3 in R.A. and +o"*o53 in N.P.D. 

1873*94 325° 4"*7 Gledhill. 

S 293. R.A. 2^ 35»-5, Dec. +56° 33'. 
Mag. 8-5, 117. 

i867'62 B invisible Dembowski. 

S 296. E.A. 2" 35«-9, Dec. +48° 43'. 

Mag. 4' 2, 10. Colours, A yellow. A B binary. Rapid common 
proper motion. Smyth gives A 4, B 13, C 11. 

A B 1873-9 296 i6*5 Wilson and Seabroke. 

AC 2y6 219 27*0 Smyth. 
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2 299. R.A 2*^ 37"'i, Dec. +2*» 46'. 

Mag. 3, 6'8. Colours, A yellowish, B ash. Binary. Proper 
motion — o'-oii in R.A. and +o"'i9 in N.P.D. 

1877*08 291° 2"'82 Sporer. 

2 305. R.A. 2^* 4o*-6, Dec. +18*' 52'. 
Mag. 7'3, 8*2. Colours, yellow. Motion rectilinear. 

1877*1 319° 2"*72 Sporer. 

Joseph Gledhill. 



Meteor Notes for December, 

Observations may be made before sunrise on the first few days, 
and renewed after the 19th. In the evenings the period from the 
14th to the 25th will be free from moonlight, and suitable for this 
work. A few Andromedes are sometimes visible on about the 6tb. 
In 1872 the Italian observers traced eleven good meteors of this 
shower on the 5th-7th, and Greg found (from the British- Associ- 
ation observations, 1867-74) it confirmed at 25° +42° for the 4th- 
8th (see No. 172, Aj^ of his catalogue). The Taurids IL (So** 
+ 23°, max. 6th) and Geminids (105° +32°, 9th-i 2th) cannot be 
well seen this year, owing to moonlight. A very decided shower of 
bright streak-leaving meteors from 145° +7°, noted on the early 
morning of the 9th, 1877, will hardly merit observation, from the 
same cause. There is another prominent radiant at 209^ +67° 
(near a Draconis) to be expected during this month. On the loth- 
1 2th in 1873 Clark found also an active shower at 57° -1-6^, which 
agrees very well with one of Schmidt*s positions at 55° +5°, Dec 
10-21. A morning display from near /3 Biiotis was detected for the 
first time in December on the ioth-i3th, 1877, at 221^ +43°i 
though it is a point from which many shooting-stars are directed in 
January ; for in 1869, Jan. 20, a.m., Zezioli recorded numerous 
small meteors from it, and in 1877, Jan. 10, a.m., the writer traced 
a shower of very swift meteors having the same centre. In and 
around Ursa Major there are many visible radiants at this epoch, 
and they should be looked for whenever a clear sky and absent 
Moon allow. Fireballs have frequently been seen during the period 
from' the 9th to the 12th, and the 26th is another good date for 
such observations. 

Recent Observations. — At Bristol the Orionids were watched 
for on Oct. 22 between 11^ 30" and 13**. 34 meteors were coun- 
ted, of which II, or one third, belonged to the radiant near i' Ono- 
nis. They were small and short, with streaks and rapid paths. 
Nothing was seen of any Leonids on Nov. 13, the sky being overcast. 

Mr. H. Corder, of Chelmsford, registered a large number of 
meteors between October 22 and the end of that month. In addi- 
tion to the Orionids and several simultaneous showers from Gemini 
(mentioned by him in another column), he determined radiants in 
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Ursa and in the region about Aries. 17 slow meteors gave a centre 
at 37° + 10° (ji Ceti), and 13 others were projected from a radiant 
at 32^ +34°« There was also a group of feeble showers from points 
between Aries and Taurus giving an average centre at 43° +15° 
(15 meteors). The Gemellids were represented by 8 meteors inter- 
secting at 106® +27°. On October 27 a few paths were noticed 
from a radiant at 130° +54°, and on Oct. 22 and ensuing nights 
feeble showers came into play at 160° -|-S7®, 160° +37°, 290° +78% 
92° — 7°, 96*^ +3°, and 325° +37°. A stationary meteor at the latter 
point was visible on October 25. 

Mr. V. Cornish, of Debenham, Suffolk, saw several meteors 
during an hour's watch on Oct. 22, 8^ to c)\ indicating a radiaut at 
335° +3i\ This i,s probably the same as Mr. Corder's at 325° 
+ 37°, and they confirm one of Heis*s autumnal showers (Uj), 328° 
+35°, Oct. 17-31 (18 meteors). 

Mr. E. F. Sawyer, of Boston, Ma:ts., observed a very active 
shower of Lyrids between Aug. 23-Sept. i, the radiant-point of 
which was very accurately deduced as at 282° +42°. No less than 
twenty meteors were mapped belonging to this stream. They were 
quite bright and quick, with long paths. Mr. S. C. Chandler, Jun., 
at Marlboro', N.H., also recorded a few meteors belonging to this 
shower, which was detected some years ago by Mr. Greg, who 
placed the radiant at 285° +44° for the period Aug. 2-Sept. 25. 

In our " Notes" for October many siiooting-stars were described 
as having been observed by the writer on the night of Sept. i last. 
The date seems a special one for large meteors. On Sept. i, 1873, 
Mr. F. J. Clark at Ackworth, Yorkshire, saw <* quite an abundance 
of bright meteors. Between 11 and 12 p.m. nine were seen, inclu- 
ding some very fine ones, mostly in the south." Sept. i, 1854, 
Heis, at Munster, saw many bright meteors. Sept. i, 1866, he also 
found them, moderately numerous. Aug. 31, 1867, Zezioli saw 
many meteors, and mentions that in the early part of the night one 
of the chief radiants was in Cygnus. Sept. i, 1869, at the Rad- 
cliffe Observatory, Oxford, six small meteors were visible (ii** 38" 
to 12**), ** shooting from points between a Lyrae and a Ophiuchi to- 
wards the latter star.*' Sept. i, 187 1, two fireballs were seen in 
England. Sept. 2, 1872, a *' magnificent bolide" observed by Ser- 
pieri at Urbino, Italy. Sept. i, 1874, the largest fireball seen in 
England during the year. Sept. 2, 1875, ^^^g^- and brilliant meteor 
observed at London. Sept. i, 1877 and 1878, large meteors seen 
at Bristol. These facts amply prove the date is one of more than 
ordinary note, and with the view to determine the chief radiant- 
point a projection of the meteor-paths recorded on this night by 
many observers has just been completed. By far the best shower 
IS one about 10° north of a Cygni and near yj/, at 306^ +54°» to 
which thirty-one meteors belonged, fifteen of them very brilliant. 
This, therefore, may be regarded as a strong shower, with max. on 
Sept I ; and it is remarkable that it almost coincides with the 
radiant of the fireball of Sept. 3* 1875, «f^hich Capt. Tupman placed 

at 311° ^-52^ W. F. D£NNINO. 
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CORRESPONDENCE. 
To the Editor of 'The Observatory: 

The October Meteors, 

Sir,— 

This year is an unfortunate one for the observation of the 
principal recurring meteor-showers, as there has been, and will be, 
a bright moon at the time of maximum activity. 

The Orionids have been no exception to this rule, and it was not 
until Oct. 22nd that I had any opportunity of observing them, as, 
to make mattera worse, the weather was extremely cloudy when 
the display should have been at its height. 

Commencing a watch at 6.30 on that date, I found meteors un- 
usually scarce, only 13 being seen up till 10 o'clock, none of them 
being Orionids. After that hour matters mended considerably, 17 
being recorded between 10 and 11 ; 16 between 11 and 12; 13 
between 12 and i ; 26 between i and 2, and at the rate of 29 per 
hour for the last part of the watch, and I much regret not having 
continued it longer. 

Of these 99 meteors, 35 were of the Orionid group, 25 leaving 
streaks which were generally bright. 

After this date they were not so numerous, but altogether in 
October I recorded 52 from the position given in Mr. Greg's map. 

By my maps, however, I found three fairly distinct radiant-centres. 
One at 90^ + 14°, at v Orionis, the true point; another well marked 
at 88^ +24^ near rj Geminorum ; and a third, more doubtful, at 
96° +20® near y Geminorum. 

Later in the month a fresh radiant was noted at 102^ +19^ be- 
tween C and y Geminorum (16 meteors) ; these were similar to the 
Orionids, quick, with a great proportion streak-leaving, the streaks 
in some cases decidedly brightening after the extinction of the 
nucleus. 

The very few first magnitudes seen were yellow ; but, as a rule, 
the meteors were very free from colour. 

Although the Perseids , are very noticeable for the number of 
large meteors, the Orionids far surpass them in the number of 
streaks in the lower magnitudes, the proportion being more than 
double. 

These were the principal showers noted in October; but I also 
reobserved the slow and small quick meteors with radiants in Aries 
and Taurus, the Gemellids, and a shower from Triangulum. The 
true Taurids had just commenced when the moon again rendered 
observation almost useless. 

The great difference in the appearance of meteors has led me to 
divide them roughly into three classes : — first, the swift arrowy 
meteors, generally stieak-leaving, with radiants in the east and 
north-east; type "Orionids;" second, medium or common-place 
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meteors, short, small, quick, and almost colourless ; type <' Gemi- 
nids : " and third, the slow meteors, generally orange with trains ; 
type '^Taurids:" and I have made the following deductions from 
my observations during the last two years. The smaller numbers 
of the two latter classes are owing to the greater rarity of the slow 
ones and the uncertain radiant-points of the common-place ones. 

Total. Streaks, ist, Str. 2nd,Str. 3rd,Str. 4th, Str. 5th, Sir. 

Swift meteors... 400 178 44,35 99,73 97,44 121,14 39,2 

Medium 200 13 4, i 14, 3 60, 7 97, 2 25,0 

Slow (trained)... 150 26 5, 5 19,12 45, 7 59, 2 22,0 

Totals 750 217 53i4i 13^,88 202,58 277,28 86,2 

Per cent. :-— 

Swift meteors... 100 44. 11,79 25,73 Hi 45 3°» '9 ^°' 5 

Medium 100 65 2,25 7,21 30, 11*5 48-5, 2 12*5,0 

Slow (trained)... 100 17 3,100 13,63 31,18 41,3*5 13,0 

Average 100 225 5, 68 15, 52 28, 25 40, 8 12, 17 

I am. Sir, yours truly, 
Writtle, Chelmsford, H. CoRDER. 

1878, Nov. 7. 

New Red Star. 
Sir,— 

On several occasions lately I have remarked the star 16 (Fl) 
Aurigae to be strongly reddish. It is not included in Birmingham's 
' Catalogue of Red Stars.' It was rated 5th mag. by Heis. 

I am, Sir, yours faithfully, 
Dromard, Co. Sligo, J« E. GORB. 

1878, Nov. 16. 



NOTES. 

Absorption in the Ultra-Violet part op the Spectrum. 
— The following notice of experiments and observations by M. 
Soret may prove of interest : — M. Soret's researches, confirming 
and continuing the work of Professors Stokes and Miller, have 
been carried on in the ultra- violet part of the spectrum by the aid of 
fluorescence; their general scope being (i) to determine the general 
absorptive power of various liquids or of solids in solution ; (2) to 
determine the character and positions of the absorption-bands of 
various spectra. Details of instrumental appliances, and of the 
general absorptions and absorption-bands in the liquids and solu- 
tions experimented upon, will be found in M. Soret's memoirs*. 

* Archives dee Sciences Physiques et Naturelles, No. 243, Mars 1878, et 
No. 248, AoAt 1878. Beoherches sur TAbsorption des Bayons idtra- violets 
par diverses substances. Par M. J. L. Soret. 
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As a summary it may be stated that the obsenrations extend 
somewhat beyond the most refrangible line (yet observed) of alu- 
minium, t. e, far above U. The thickness of the liquid:« and solutions 
usually employed was under i centimetre. Various acids and 
chlorides, nitrates and ' sulphates were experimented upon; special 
studies were made of the absorption-spectra of chromates, of nitrates, 
and of nitric acid. 

In his second memoir M. Soret examines the absorption-spectra 
of the earths forming *'gadolinite " and of didymium. He comes 
to the conclusion that '* gadolinite " consists of yttria, erbia, terbia, 
and some other base. 

Memoir I. contains some useful practical remarks on the influences 
of thickness and concentration of solutions under examination upon 
their various spectra, and also a record of experiments as to the 
relative transparency of quartz and Iceland spar for the ultra-violet 
part of the spectrum. These experiments show that the trans- 
parency of Iceland spar does not extend so far in the ultra-violet as 
does that of quartz. M . L. H. 



The Transit of^Mercury. — In a paper read before the Albany 
Institute Mr. Lewis Boss, the director of the Dudley Observatory, 
has discussed a large number of observations of contacts, and de- 
duced the corrections to the American Ephemeris and to the British 
Nautical Almanac respectively. In the former, Le Vernier's old 
theory of Mercury is used, and in the latter his later tables, and 
the importance of the comparison lies in the circumstance that these 
latter include a term due to the supposed attraction of an intra- 
Mercurial planet. The mean corrections to the predicted times of 
contact resulting from the observations are as follows : — 

8 fl 

First contact, 6 obs. Oorr. to yVmer. Eph. — 457 to N. A. — 4 

Second contact, 1 5 „ — 61 "8 „ —20 

Third „ 11 „ —124*4 „ —18 

Fourth „ 10 „ -i4>7 »» -35 

Means —93*4 " ^9*5 

Thus it appears that the later tables, with the term due to an 
intra-Mercurial planet, give a satisfactory representation of the 
fact. The apparent corrections to the N. A. range from — lo* to 
— I* for first contact ; — 32' to — 10' for second contact ; — 26' to 
— 4* for third contact; and — 4i« to —24* for last contact. Taking 
simply the discordances from the mean in each case in the tables 
given by Mr. Boss, the mean error of an observation is 2' for first 
contact, 6* for second, and 5' each for third and fourth. Consider- 
ing the small number of observations of first contact, but little im- 
portance can be attached to the estimate of mean error in this case> 
and we should not be far wrong in taking the mean error as about 
the same for all four contacts, and equal to 5*. It should be men- 
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tioned that Mr. Boss, in his computations from the American Ephe- 
meris, used for the diameter of the Sun the value given in the 
'Berliner Jahrbuch/ i6' i"'2, and that with the 'Nautical 
Almanac ' Le Verrier's diameter is used. 

Micrometrical measures of the diameter of Mercury during the 
transit gave ii''*3o+o"*i4 uncorrected for irradiation or possible 
expansion of the screw. This value would give i76''6 as the in- 
terval between external and internal contact ; the observed interval 
was 172**4 between first and second, and 171**2 between third and 
fourth. 

Mr. Bo<«s observed the second contact, using the 13-inch equa- 
toreal, with a power of 275, and a sclar diagonal, the definition 
being very bad. He attaches great importance to the use of a high 
power, and intended, under good atmospheric conditions, to employ 
a power of 500. His assistant, Mr. Landrelh, was sent with a party 
to observe the transit at Helderberg, 15 miles from Albany and 
1600 feet above the Observatory ; and at this elevated station he 
observed the contacts under most favourable circumstances. Mr. 
Landreth, who observed with a 3*9-inch comet-seeker, remarked at 
both internal contacts (ingress and egress) a thread of light darting 
out from each cusp and closing instantaneously about the planet, 
forming, for the instant, a slight protuberance on the Sun's limb. 
Mr. Landreth 8 time at second contact is the earliest of all the ob- 
servations (12' before the mean), and at third contact the latest (14* 
after the mean) ; and with reference to this Mr. Boss asks, 
" Is it not possible that Mr. Landreth may have seen the planet pro- 
jected against the solar ' sierra ' or some part of the solar envelope 
not ordinarily visible in telescopic observations ?" The pheno- 
menon, however, is remarkably like that seen in transits of Venus 
and attributed to the planefs atmosphere. Both Mr. Landreth and 
his companion, Mr. Wilson (who used a 2* 7-inch Dollond), saw, 
during the transit a small ill-defined light spot near the centre of 
Mercury's disk ; it was slightly elongated or pear-shaped, and did 
not change its position on the planet in the course of 4^^ 

In connexion with the transit of Mercury, Prof. Holden has pre- 
pared an index-ca\aio«;ue of books and memoirs on past transits, 
in which is given a brief statement of the physical phenomena re- 
corded, in addition to the title of each paper. 

Observations with the Washington Refractor*. — Prof. 
Asaph Hall has, in addition to his splendid series of measures of the 
satellites of Mars, made a number of valuable observations with the 
26- inch refractor on the planets and satellites. He gives micro- 
meter measures of Hyperion, Mimas, Oberon, Titania, Umbriel, and 
the companion of Sirius made in 1877 and 1878, and also notes on 
the disappearance of Saturn's rings, on Venus, and on the tmnsit of 
Mercury. Nothing remarkable was noted with regard to Saturn's 
rings ; and the observations, which include measures of the posi- 

* Astron. Nachr.,No. 2213. 
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tion-angle on ^6 nights by Prof. Hall, and on 12 by Prof. Holden, 
show that Bessel's elenrients are very n(?arly correct. 

Venus was examined from October 1877 to March 1878, and on 
several nights Prof. Hall noticed on the bright crescent part of the 
disk, and near it« central part, an oblong portion that appeared 
brighter than the rest of the disk. This would appear to be the 
bright patch to which Mr. Brett first called attention, and which he 
explained as caused by specular reflexion from the surface, modi- 
fied by large atmospheric diffusion {cf. * Observatory,' No. 12, 
p. 360). 

Encke^s Comet*. — This comet, which was unfavourably situated 
for observation in the northern hemisphere before perihelion 
passage, was picked up on August 3 by Mr. Tebbutt at Windsor, 
New South Wales, and by Dr. Gould at Cordoba, very close to 
the position given by Von Asten's ephemeris. Mr. Tebbutt de- 
scribes it as a round nebula, about 2' in diameter, with a gradual 
condensation towards the centre, and brighter than he expected to 
find it in his 4^'inch refractor, considering the Moon's presence, 
the low altitude, and the diffused twilight. Dr. Gould gives a 
similar description, stating that it was quite a conspicuous object, 
being on Aug. 10 comparable in brightness to a star of 8 mag. It 
was observed at Cordoba regularly till Sept. 6 ; but its light faded 
so rapidly that during the last ten days it was difficult to keep it 
in view while near the illuminated wire5. On Aug. 17 its diameter 
was very nearly i'. The comet passed its perihelion on July ii. 



Tempel's AND Brorsen's PERIODICAL Comets f. — The second 
comet of Tempel 1873 6, which has lately passed its perihelion 
(1878, Aug. 27), was much fainter before the passage than had 
been calculated by the photometric formula ; but its brightness after 
the passage was so much greater than the theoretical value that 
some good series of observations have been secured by M. Tempel, 
Dr. Schmidt, and others, and it is hoped that they may be con- 
tinued to the end of November. The first periodical comet of 
Tempel 18675=18730 may be expected in the spring of 1879; 
and M. Raoul Gautier, having discussed the observations in 1867 
and 1873, has computed a set of elements, and is now engaged in 
calculating the perturbations by Jupiter since 1873, which, how- 
ever, are inconsiderable, as the two bodies have been all the time at 
a great distance from each other. 

Brorsen's periodical comet of 1868, re-observed in 1873, returns 
to perihelion on 1879, March 30, according to elements computed 
by Prof. Schulze. Some difficulty was experienced at first in satis- 
fying the bservations of 1873 ; and Prof. Schulze therefore recom- 
puted all the perturbations, including those by Saturn, Mars, the 

* Astion. Nachr., Nos. 22221 2229. t Astron. Nachr., Nos. 2220, 2228. 
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Earth, and Venus. It appeared that the comet had been greatly 
disturbed by the last-oanied planet during the whole period of obser- 
vation, 1873, Sept. 2 to Oct. 26, having approached Venus within 
one seventh of the radius of the Earth's orbit. The comet may 
perhaps be picked up at southern observatories in the latter part of 
February next. In April and May it will be much more favourably 
placed for observation in northern latitudes than it was in the year 
1868. 

The Nautical Almanac for 1882 (Murray, London, price 29. 6d.) 
has just been published. We note two changes: — (i) the intro- 
duction of Le Verrier's tables of Uranus and Neptune, so that the 
places of all the planets as well as of the Sun are now deduced from 
Le Verrier's great work ; (2) the places of both components of the 
double stars Castor, y Leonis, a Crucis, and y Virgin is are now 
given in the list of Standard Stars. Editor. 



Satellites 0/ Saturn, 
Distances from Saturn*s polar diam., in equatoreal semidiams. 
— preceding or west, + following or east, N. north, S. south. 
Tethys. 

-47 8 
+ 4*3 » 
-37 8 
+ 3'o Jf 

--2'2 B 

+ 1-41^ 

— o"S s 
-0-5 » 

+ 1*4 8 
— 2*2 N 
+ 3*OB 

-37 If 
+ 4"3 8 

•47 N 
+ 4-99 

Semiaxes of orbits expressed in semidiameters of Saturn's equator. 
iDeo. 31. Mi. £n. Te. Bi. Rh. Ti. lap. 

Major 3-14 4-03 4*99 6*40 8*93 2071 60-34 

Minor 0*12 O'lS 0-20 0-25 0*35 075 8*51 

lapetus is near its inferior conjunction, north of the planet, on 
Dec. 29. A. M. 

Satellite of Neptune, 

Major and minor semiaxes of apparent orbit on Dec. 31, i6"-7 and 
^"•6, The satellite is near its greatest n.f. elongation in po8.-angle 
40^*3, and near its greatest s.p. elongation in pos.-angle 3io°'3, at 
the followiDg times : — 

Dec. 17 ig^ 8.p. Dec. 26 i$^n,/. Jan. 4 lo'^^.j^. Jan. 13 6*«,/. 
20 17 n./. 29 13 e.p. 7 9 ft./. 16 4 e.p. 

23 16 *./?• Jan. I 12 n./. 10 7 e.p, '?A'*"/* 

Digitized bV^y^Ogle 



S^ a.M.T. 


Encel. 


jc 16.. . 


+ 3*1 8 


17... 


-3-os 


18... 


-1-3 N 


19.... 


+ 3-6 N 


20., . 


+ 1-4 8 


21.. . 


-3-98 


22. . . 


— o*4K 


23... 


+ 4*0 B 


24... 


, — 0"6 B 


25... 


-3-9 N 


26... 


. +1-6 N 


27... 


. +3-S8 


28... 


» -2-S8 


29... 


. -2-8 w 


30... 


. +3-2 V 


31... 


. +2*0 8 



Dione. 


itbea. 


Titan. 


— 6*4K 


+ 8-3 8 


-177 B 


+ 3'9 8 


+4-6 N 


-12-58 


+ 1-2 N 


— 67 N 


- 5-2 8 


-5*5 8 


-7-oB 


+ 2-98 


+ 6-1 B 


+ 4*2 B 


+ 10-58 


-2-5 N 


+8-5 N 


+ 1678 


— 2-7 B 


— I-I H 


+ 20'4 8 


+ 6-1 N 


-8-9 IX 


-i-2I*2 N 


-5'4N 


— 2*1 8 


+ 19-1 W 


+ I*0 8 


-f8-2 8 


+ 14*41^ 


+ 4*1 K 


+ 5-0 IT 


+ 7-4 N 


-.6-4 8 


-6-3 1^ 


— 0-6 N 


+ 4'4 8 


-7'3 8 


- 8-5 w 


-f 0-6 N 


+37 8 


— 15*0 N 


-S-I8 


-i-87N 


— I9T H 


+ 6-3 8 


— 0-6 K 


— 20'0 B 
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Astronomical Memoranda, lS78,Dec. 15-1879, Jan. 14. 

Sun. Dec. 15, sets 3** 49°, rises 20** 3"; Jan, 14, sete 4*" 16", 
rii»es 20** 2". 

Equation of time: — Sun before clock, Dec. 15, 4" 38*; after, 
Dec. 25, o" 20' ; Dec. 30, 2"^ 48*; Jan. 4» 5"" 9"; Jan. 14, 9"^ i6\ 

Sidereal Time at Mean Noon: — Dec. 15, i7*'36"**o; Jan. 14, 

19*" 34"-3 

Moon. Last Quarter, Dec. 16, 15**; New, Dec. 23, 9 J**; First 
Quarter, Dec. 31, 2** ; Full, Jan. 8, o"*; Last Quarter, Jan. 14, 23^ 

Occultations : — Dec. 17, 15** 5"*, q Virginis R. 270°; Jan. 3, 3^ 
48"*, e Arielis D. ii^ 4'' 25", e Arietis li. 301°; Jan. 6, ii*» 4", 
139 Tauri D. 35°; Jan. 7, 14** 16"*^ u> Gemin. D. 111°; Jan. 9, 
17^ S"» o^ Cancri R. 298°. The angles at disappearance (D.) and 
reappearance (R.) are reckoned from the apparent N. point towards 
the right hand round the Moon's circumference as seen in an in- 
verting telescope. 

Mercury is in inferior conjunction on Dec 25, after which he is 
a morning star. He is at greatest elongation W. (24^ o') on Jan. 
16, when he rises iii the S.E. at 18*" 24", or i** 37"* before the Sun. 

Venus is very near the Sun, having just passed superior conjunction. 

Mars is a morning star in the S.E., moving s.f through Scorpio. 
Dec. 15, R A. 15** 26'"-3, Dec. 18° 30' S., tr. 2i*» 49", rises 17** 25". 
Jan. 14, R.A. 16 53 -5, Dec. 22 38 S., tr. 21 18 , rises 17 20 . 

Jupiter is an evening star, setting in S.W. at 7^ 13"" on Dec. 15, 
and at 6^ i™ on Jan. 14. He is in conjunction with Capricorni 
on Jan. 7, xG" (* 7' N.). The Eel. Reapp. of Sat. HL on Dec. 27, 
5^ 5% should be observed \ there is also an Occ Disapp. of Sat L 
on Dec. 20, 4** 53"*. 

Saturn is an evening star, in quadrature on Dec. 18, and moving 
slowly »./. about midway between a, Pegasi and /3 Ceti, 
Dec. 15, R.A. 23** 5o°'-4, Dec. 3° 37' S., tr. 6*» i3°», seU 11** 59". 
Jan. 14, R.A. 23 56 *i, Dec. 2 53 S., tr. 4 21 , sets 10 10 • 
Outer King. Inner Ring. BalL 

Maj. Axis. Min. Axis. Maj. Axis. Min. Axis. Diam. 

Dec. 3» Z^"'!! i"'53 25''-78 1^-02 is^'S 

Jan. 20 37"*58 i"*98 24''-99 i*''32 i5*-o 

The south side of the rings is visible, the elevation of the Earth 
above their plane being 2^ 16' S. and 2° 59' S. on Dec» 31 and 
Jan. 20 respectively, and of the Sun 4*^ 54' S.. and 5*^ 13' S. 

Neptune is an evening star, about midway between a Ceti and /3 
Arietis, 2^ north of and slightly following £ Arietis. Editor* 

Publications received i^Mre. Gill, 8ix Months in Ascension (Mur- 
ray, London) — Capt. Abney, Emulsion Processes in Phjotography 
(Piper and Carter, London) — M. C. Lagrange, Be VOrigine et 
r Etablissement des Mouvements Astronomiques (Rruxelles, 1878) — 
J. N. Lockyer and Arthur Schuster, Report on Total Solar Eclipse 
of April 6, 1875 (Pfa»*- Trans., part i. 1878)— Prof. H. Draper, 
Total Solar Eclipse of July 29, 1878 (Journ. Franklin Inst 1878, 
Oct.). £ditor« 
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THE OBSERVATORY, 

A MONTHXY KEVIEW OF ASTEONOMY. 

No. 21. JANUARY 1. 1879. 

MEETING OF THE ROYAL ASTRONOMICAL SOCIETY, 

Friday, 1878, December 13. 

Lord Lindsay, F.R.S. &c.> President, in the Chair. 

SecretarUa : Mr. J. W« L. Glaisher, F.R.S., and 
Mr. A. CowpER Rantard. 

The Minutes of the last Meeting were read and confirmed. 

Mr» Glaisher reported that 62 presents had been received by the 
Society since the last Meeting, none of them, however, calling for 
any special notice, and thanks were voted to the donors. 

Mr, Eanyard read an extract of a letter from Prof. Eastman to 
Mr. Schuster. 

Mr. Christie read a paper by the Astronomer Royal " On the 
remarkable conjunction of the planets Mars and Saturn which will 
occur on 1879, June 30." 

The relative positions of Mars referred to Saturn for every 15" 
from 6^ to 9^ G.M.T. were exhibited on a diagram, which showed 
that the nearest approach was at 7*" 30™ G.M.T., when the planets 
were only 72'' apart. The nearest approach, however, could not 
be seen in England, as the planets would not rise till midnight, but 
it would be visible in Australia. A table had been prepared in 
which the local mean times corresponding to various phases of the 
conjunction were given for six stations, viz. Cape of Good Hope* 
Vienna, Madras, Sydney, San Francisco, Cordoba. Amongst the 
interesting observations that might be made, the Astronomer Royal 
suggested a comparison of the colour of the two planets. At the 
less favourable conjunction last year, he found that Saturn appeared 
of a sap-green ; but possibly this was an effect of contrast due to 
the blaze of ruddy light from Mars. Mr. Marth had calcuUted the 
positions of Saturn's satellites about the time of conjunction, and 
had found that an observer in one of the Pacific Isles might see 
lapetus very near Mars, though probably no occultation would 
take place. 

VOL. II. X 
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Mr. Christie also read a note by the Astronomer Royal '* On the 
determination of the Mass of Mars." The Astronomer Royal 
called attention to a paper by him in the * Philosophical Transac- 
tions/ fifty years ago^ in which, from a discussion of lo^ years 
of Greenwich observations, he had found a value of the mass of 
Mars which agrees much more closely with Prof. Asaph Hall's 
recent determination than Laplace's value previously accepted, and 
he gave a statement of the various determinations made by different 
astronomers. As the paper appeared to have been forgotten, he 
recapitulated some of its results; in particular the diminution of 
the Moon's mass from -^^ to ^'^ and the discovery of the famous 
long inequality of the Earth and Venus. 

Mr, Neison, Would the effect, when observed in Australia, be 
to bring Mars nearer Saturn or to bring it further off? If it brings 
it nearer it will bring it perhaps 15'' or 16" nearer. 

Mr. Marth, The parallax would be comparatively trifling. A 
greater effect will be produced by the error in the ' Nautical Al- 
manac * place of Saturn. Le Verrier's tables are used from the 
beginniog of 1880, when the difference amounts to something like 
20'' in right ascension. lapetus will be on June 30 near its 
greatest western elongation, where it appears pretty bright, and 
Mars M'ill pass between it and Saturn. The correction needed is 
some 20'', and that would bring Saturn further away from Mars, 
while it brings lapetus so much nearer. 

Mr. Dunkin. I think the tabular error is about 10'' and not 20''. 
During the last opposition it was -^'.of a second of time in R.A. 

The error of Saturn changes very much during the season. 
About the time of opposition the errors are larger, but at quadra- 
ture they are much smaller. I think that Saturn at this time would 
be in quadrature and the tabular error would most likely be about 
10", not 20". 

Mr. Marth. On the ist of January, 1880, 22'' will be the error 
in heliocentric longitude, and Saturn is then near quadrature. 1 
do not know whether the error increases or decreases. I have 
nothing to go by except the difference between the 'Nautical 
Almanac' place, as computed from Bouvard's and as computed 
from Le Verrier's tables, and I assume of course that Le Verrier 
is right*. 

Mr. Gill. When I was at Ascension I had the good fortune to 



* {_Note by Mr. Marth.'} Le Verrier's correction of Saturn's 
heliocentric longitude, given in the 'Nautical Almanac' for the 
date Dec. 32, 1879, is + 22''"2, corr. of lat — 1 1"'5, corr. of log. rad, 
vect —'0000626. If, in the absence of a direct calculation from 
the new tables, it may be permitted to assume that the same cor- 
rections apply also io the heliocentric place on June 30, the geo- 
centric right ascension will have to be increased by i''84, and the 
declination decreased by o''*8. The rectangular coordinates of 
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observe, under circumstances which no European observer could 
ever enjoy, the conjunction of Mars and Saturn ; and I observed it 
beliometrically, so that for the two days preceding and the two days 
following the day of conjunction I had accurate measures. In 
addition to that I bad the advantage of seeing the planets, not only 
within a few minutes of each other, but actually side by side. The 
two planets were of the red and green colours referred to by the 
Astronomer Royal, and these were brought out in remarkable 
contrast. I had to diminish the brilliancy of Mars by using a wire 
screen placed over the segment of the object-glass, through which 
the light of Mars passed ; otherwise it would have been too bright 
to make satisfactory measures. 

The President. Do you think that the green colour of Saturn was 
due in any considerable degree to contrast with the yellow of Mars? 

Mr, GiU. It was to some extent. When you shut out Mars you 
did not see the green colour so very marked. 

Mr, Neison, There is a heliocentric error of Mars in longitude ; 
and if I understand it rightly, it is only about 2|^ whereas the 
parallax would be about 8^ 

Mr. Gill. The parallax has nothing to do with the heliocentric 
error. 

Mr. Neison. The effect of heliocentric error would shift Saturn 
a little one way or the other ; whereas the effect of parallax, when 
the two planets frere in the meridian, would be to bring Mars nearer 
Saturn. 

Mr. Gill. It would be very small, because Mars at that time is 
far distant from the Earth. 

Mr. Neison. It is a little further from the Earth than the Sun is. 
The parallax of the Sun is about 8''. It would be a horizontal 
parallax nearly if you were observing in Australia, with a latitude of 

Mars, lapetus, and Titan, in reference to the ceiitre of Saturn, are 
then the following: — 



June 30. 
h. 
2 aM.T. .. 


Man, 




lapetua 


... 529-6 W. 


127-7 S. 


501-6 W. 


4 » 


... 355-2W. 


56-1 s. 


5017 W. 


6 „ .. 


... 1807 W. 


,5-5 N. 


501-8 W. 


8 „ .. 


... 6-2 W. 


87-1 N. 


501-9 w. 


lO „ 


... 168-3 B. 


1587 N. 


501-9 w. 



88-4 S. 
89-2 S. 
90-0 S. 
907 s. 

91-58. 

Equat. Diam. of Saturn i7"'i, of Mars 8 "-8. 



TUan, 

67-0 B. 31-28. 

72*3 B. 31-1 8. 

77*5 E. 30-9 8. 

82-6 B. 30-7 8. 

87-8 B. 30-48. 



The nearest geocentric distance between the centres of Mars and 
Saturn will accordingly be 83''-o, about ^^ 43"^ G.M.T. If the 
' Nautical Almanac ' place of Saturn were correct, the nearest dis- 
tance would be 7i"7, about 7'' 26"" G.M.T. The effect of parallax 
increases the nearest distance for Melbourne by 4'''o. It may be 
worth mentioning that the last close conjunction of the two planets 
occurred on April 18, 181 7. 

x8 
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about 30^ or 40°, and it just depends upon whether Mars would be 
in north or south latitude ; and therefore I ask Mr. Christie whether 
the effect would be to bring Mars nearer Saturn or further off. 

Mr. Christie, There was no attempt made to give any very 
minutely accurate representation. I think there would be some 
difficulty in representing the aspects at different stations ; but I 
fancy Mr. Neison is under a misapprehension with regard to Mars 
and Saturn ; the error of Mars is very small comparatively speaking, 
because the places in the * Nautical Almanac ' are taken from Le 
Verrier's tables ; but the error of Saturn may be considerable^ and 
in the case of a conjunction of Saturn and Mars you have to con- 
sider the errors of both planets. 

Mr. Neison, If the top of the diagram is the north, the effect 
would be to increase the distance ; and we should have a rather less 
interesting result than we might otherwise have had. 

Mr, Christie. It would be so in Australia. The difficulty in 
applying parallax is that one wants to consider what the local time 
is; of course the local times are given in the numerical tables. 

Mr, Dujikin, In Australia, where the conjunction will be visible 
better than anywhere else, at the time of least distance the placets 
will be at a fair height, and the parallax will not be more than 4'' 
or 5'^ and this, therefore, can only affect within a few seconds the 
distance of the planets. 

A vote of thanks was passed to the Astronomer Royal for his 
interesting communication. 

Mr, Gill. Dr. Wiunecke of Strasburg, in looking over the 
' Historia Celestis Lucii Baretti,' found a very old observation of 
the Pleiades made in 1580 by Moestlin, with their right ascensions 
and declinations as obtained by that observer by very rough means. 
There are in all eleven stars observed by him, which Dr. Winnecke 
reduces to the epoch of Bessel's catalogue of the Pleiades and com- 
pares the results. The result shows that the places of those eleven 
stars were determined in 1580 with a probable error of only 2' of 
arc. But the important point of the paper which he has communt- 
cuted to the Society is that these observations were made before the 
invention of the telescope \ and they confirm beyond all doubt a 
diagram which was prepared and exhibited some time ago in the 
* Monthly Notices * by the Astronomer Royal repesenting the stare 
in the Pleiades as seen by his daughter. There can be no question 
that this astronomer, who never had a telescope, actually did see 
eleven stars, and those agree within very small limits of error with 
the places given by Bessel. Those who wish to read the paper more 
in detail will find it printed in the ' Monthly Notices ;' and Prof. 
Winnecke has given a little woodcut which will also appear, no 
doubt, in the * Notices.' 

I have also a paper to read to the Society, a record of some 
observations which I made of the binary star aCentanri when I 
was in Ascension. I had intended to reserve them for publication 
with the rest of my work in connexion with the Ascension £xpe« 
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dition ; bat as many have applied for the results of those observations, 
I have thought it advisable to lay them before the Society without 
further delay. 

There are two or three very curious points in the observation of 
the star aCentauri with the heliometer which may interest the 
Society if I briefly allude to them. 

The first time that I looked at a Centauri was a few days after 
the erection of the heliometer in Ascension ; and to my surprise, 
when I turned the telescope on the object, it had the appearance of 
an ill-defined single star (for the last time I had seen it was in con* 
nexion with Lord Lindsay's Expedition at Mauritius when the star 
was a good wide double one of 5" or 6" distance). That puzzled 
me very much. I did not think that the components had approached 
so closely together ; and it was some little time before I thought 
what the cause could be ; but by-and-by, on turning the position- 
handle of the instrument, the star suddenly developed into a double 
star. And the reason is this : — When we look at a single star with 
a telescope of 4-in. aperture, we get an optical disk of about i" in 
diameter; but if we look through such a telescope with one half of 
it cut off, or if the telescope is divided into two segments like the 
object-glass of the heliometer, we get a disk of elongate shape 
with oval rings round it, and with rays in the direction of greatest 
elongation, which are due to the portion of the glass which is neces- 
sarily cut away causing " interference." The major axis of the 
elliptical disk corresponds very nearly, though not quite, with the 
diameter of a disk due to a telescope of 2 in. aperture, and the 
minoV axis corresponds very nearly to a disk due to a 4-in. tele- 
scope. Therefore what I really saw on looking into the helio- 
meter, in the first place, was two elongated disks in contact at their 
greatest diameter ; and then all the rings being mixed up together by 
the rather unsteady air (for it was soon after sunset and the heated 
clinker was giving off currents of hot air), I got an appearance which 
bothered me very much ; but upon turning the axis of the heliome- 
ter round 90° and the air settling down into a somewhat more 
steady state, I got the two oval disks neatly separated with a fair 
space between their least diameters. The object-glass was now in 
its best condition for observing the components ; and I got two 
disks fairly distinct and separate, and capable of accurate measure- 
ments, as the results of the measures will show. 

In the ordinary methods of observing a double star with the helio- 
meter, you endeavour to place the four stars in a line and at equal 
distances ; but if you apply this to a very bright and close star like 
a Centauri, you get a very unsatisfactory thing to measure, because 
it is quite impossible to adjust the two halves of the object-glass so 
that you shall have the optical centres of those two halves in exact 
coincidence. You may shift them up and down by the screws for 
the purpose; and if you do succeed in getting the telescope so that 
the two halves shall produce a single image, that adjustment is soon 
changed with a change of temperature. During the Ascension ob- 
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seryations there was generally an error of 2" of arc in the adjust- 
ment of the single image. Consequently you could hardly arrange 
the four stars in a line. What I fell back upon was this : the images 
being accompanied with a long diffraction-ray, I endeavoured to 
move one pair of stars relative to the other pair until the four dif- 
fraction-rays gave parallel lines of equal distance from each other ; 
and in that way I was able to get very exact measures indeed of 
distance ; but when the time came that I was obliged to observe 
a Centauri in daylight, those rays were no longer visible ; so that I 
was driven to the common expedient of placing the first star of one 
pair under the second star of the other, and then reversing the ope- 
ration ; and thus I got very good measures of distance indeed. A 
table which I have prepared shows the result of those measures; 
and in due time the details will be published to show that they are 
quite honest good measures fairly made. The first distance that I 
got was 2"-i87, then 2"-i25, i"*93S, i"'95o; later on i"'863, 
i"*773, steadily diminishing all the way. The last measure gave 
I "'42 3 ; but the definition was extremely bad. It was made about 
midday when the sun was creating a great many vertical currents ; 
but there is a very evident change of half a second of arc 

I'hen as to the position -angle, I have given a description of the 
method of measuring. There was a change of 20° of position- 
angle between 1877*56 and the last observations at the end of the 
year. So that it is very evident that those observations were 
made during an exceedingly interesting period of the orbit ; and it 
is interesting in connexion with that to read Mr. Cilery's letter in 
•The Observatory* for August 1878, in which he mentions that 
from measures made on the 8th of May, the star was again increas- 
ing its di>tance. There were nine or ten measures altogether ; and 
I hope they will be a valuable contribution to our knowledge of this 
interesting object 

Mr, Thomthtffaite, I would suggest that if you had used a cylin- 
drical lens you could have got a brighter star with a longer line, 
which is a very handy position for making an observation. I think 
it might be a suggestion to try on the heliometer when you are ex- 
amining stars again to use a cylindrical lens just in front of the 
eye-lens. 

The President. With regard to the difficulty which Mr. Gill has 
mentioned with close stars, I wish to draw attention to the diffrac- 
tion-line which he drew perpendicular to the division of the object- 
glass. I think he will remember that on the evening when we were 
at work, one of us thought he had discovered a comet. That pro- 
duced great excitement for some little time, until we traced it back 
to aLyrsB at a distance of some 15^ or 20^. The light of that star 
had fallen within the division between the two segments of the 
object-glass, and was reflected, and produced what seemed a most 
beautiful comet. 

Mr, Christie read a note on a phenomenon seen in the occultation 
of a star at the Moon's bright limb. While observing the disappear- 
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• ance of one of the Pleiades, a 4 mag. star, on Nov. 10, he was sur- 
prised to see that when the star apparently came up to the Moon's 
bright limb, the limb appeared to recede from the star for the space 
of 3* or 4', and the latter finally disappeared in a sort of luminous 
haze through which it was seen with greater and greater difficulty 
as it advanced. At the disappearance the star appeared to be bi- 
sected by the limb, the rings and rays and half the disk being cut 
off on the side next the Moon. These phenomena he explained as 
naturally resulting from the theory propounded by The Astronomer 
Royal to account for the apparent projection of stars on the Moon's 
disk. In observing the occultation of a 5-mag. star he had found a 
graduated dark wedge useful to diminish the glare of the Moon's 
light. 

Mr. Christie. I also wish to mention that a large Half-prism 
spectroscope, which Mr. Hilorer has just made for Mr. Ellery, has 
been brought here this evening for the inspection of the Fellows. 
Mr. Hilger has worked with great zeal at the improvement of plane 
surfaces, and has succeeded in making prisms for this spectroscope 
which seem to be absolutely perfect in this respect In this instru- 
ment either one, two, or three half-prisms can be used at pleasure, 
giving a dispersion of four, sixteen, or sixty ordinary prisms of 6cP. 

Mr. Brett The explanation of Mr. Christie of the encroach- 
ment of the star on the disk is extremely interesting ; but I beg leave 
to ask him why it does not always occur when a large star is oc- 
culted ? 

Mr. Ranyard. Several observers have noticed that when the 
Satellites of Jupiter come up to the limb of the planet and are 
occulted, the part of the limb next the Satellites appears to be flat- 
tened. Owing to the greater curvature of the limb of Jupiter than of 
the limb of the Moon, it is easy to understand how diminution of the 
irradiation-edges would give the appearance of flattening. Admiral 
Smyth and Mr. Webb have both, I believe, observed this flattening. 
A similar explanation to that suggested by Mr. Christie will no 
doubt also account for an observation of Mr. Todd in Australia, 
who some time ago described one of the Satellites as being seen 
through the limb of Jupiter ; and some very remarkable physical 
deductions were drawn from the observation with regard to the 
atmosphere of the planet 

Mr. Gill. I think I understood Mr. Christie to say that the 
star was approaching a hollow in the Moon. It may have some 
bearing on the possibility of the existence of a lunar atmosphere 
at a certain depth. 

Capt. Noble. I see announced for the first time that Mr. Todd, 
whose observations fill a great many pages, observed with a ricketty 
equatoreal and a chronograph that will not act ; therefore I think 
that any phenomena to which he invites attention may reasonably be 
put down to some other cause than that of actual physics. 

The President. Is there any evidence that he does work with a 
ricketty equatoreal ? 
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Copt* Noble. Only I see his statement that his chronograph 
was not very good, and the instrument required a better R.A.. clamp ; 
but he says, " with a better R.A. clamp, which I will make, and a 
new chronograph, which I have made since, I shall have better obser- 
vations in future." At all events his observations must, pro tern- 
pore^ be received cum grano saUs* 

The President, I think, even with a ricketty instrument, some 
very good observations may be made, and I know have been made, 
by Dr. Tempei at Florence, who is now making use of an equa- 
toreal 14 feet long, and if you touch it with your little finger it will 
vibrate for ten minutes. 

Mr, Gill. I think Capt Noble's criticism on Mr. Todd's obser- 
vations is a very unfair one. Mr. Todd is one of our most careful 
observers, and he has an excellent telescope. Mr. Todd's remarks 
apply to his clamp in Right Ascension, and I must remind Capt. 
Noble that a telescope is not generally clamped in Right Ascen- 
sion when used in observing the phenomena of Jupiter's satellites. 
(Laughter.) 

Mr. Neison. In confirmation of Mr. Christie's remarks, I have 
myself seen on more than one occasion a sort of gradation in the 
light from the Moon's limb. I have noticed the star come up to 
the limb and disappear within the apparent optical limb of the Moon. 
If you were to take a transit you would take the outer or false limb, 
whereas if you observe with a very high power and under good 
conditions, you will see, I think, that there is a true limb within, 
with all its irregularities sharply marked, and you will see outside 
a sort of fainter copy of it forming a false limb. You notice, as a 
rule, that if the star is more than about the fourth magnitude it goes 
right within this false limb and then disappears. If you come to 
reduce the observations you will find a very appreciable difference 
between bright stars and faint stars. You will find that faint stars 
disappear rather more than half a second of arc further away from 
the centre of the Moon than bright stars. Thus a bright star will 
give you one value for the distance of the star from the centre of 
the Moon when it disappears, and a faint star will give you a value 
half a second greater or even more. I concur with what Mr. 
Ranyard has said about Jupiter. Mr. Todd, I believe, really did 
see what he said, that is to say, the satellites appeared gradually to 
approach within the limb of Jupiter and disappeared a little way 
within, as if they were seen through a sort of fringe round Jupiter* 
That, however, is no more than has been seen by other observers 
besides Mr. Todd, for instance by Mr. Wray and others ; and I 
think it was Mr. Dawes who also saw the same phenomenon about 
ten years before Mr. Todd made his observation. 

Mr, Christie. I will endeavour to answer the questions which 
have been put. First, Mr. Brett asked me why those phenomena 
are not always seen. That may be rather a difiicuit question to 
answer. When I observed the occultation of a bright star at the 
bright limb myself, I distinctly did see the projection of the star on 
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the disk. I believe that the phenomenon of projection haa been 
frequently referred to the colour of the star, that is to say, the star 
is seen distinct from the Moon's limb by virtue of its difference of 
colour. In the case I refer to, when I was expecting nothing of the 
sort, I saw the star Aldebaran go on and advance over the Moon's 
disk, and there was a distinct difference in colour from the Moon. 
At the same time a great deal may depend upon the state of the ob- 
server's eye, and that is the explanation which the Astronomer 
Royal has offered. The observer may either be conscious of this 
false light at the Moon's limb or not, according as he directs his 
attention on the Moon or on the stars. 

Mr. Gill asked me whether the star disappeared in the notch. I 
thought it only fair to mention that there was a notch at the limb, but 
the chief point about that was that the definition was good enough 
to enable me to see this notch. I do not think the phenomenon 
can be accounted for by any atmosphere, because the notch was 
very small compared with the extent of the sort of atmosphere 
round the Moon. 

Mr. Neison remarked that there was a difference in the diameter 
that came out, when the observations were reduced, between a 
bright star and a faint star. I may mention that Mr. Dunkin 
has reduced these observations. I observed one star of the fourth 
magnitude and another of the fifth magnitude; the observations 
of disappearance at the bright limb and reappearance at the dark 
appear to agree very well. 

The President. I think, on the question of the difference due to 
the magnitude of the stars occulted, I can quite bear Mr. Neison 
out, that if it is assumed that the small star actually does disappear 
sooner than it should do theoretically, of course what Mr. Neison 
says will be true; but I cannot help thinking that the eye is merely 
overpowered by the brightness of the limb. I have myself found 
a difficulty in seeing a small star as it gets right up to the limb and 
disappears. I have never yet been fortunate enough to see a real 
projection on to the Moon's limb, although I have watched many 
occultations in the hope of seeing such projection. At my observa- 
tory we computed the time for the occultations and sat up for them ; 
but the night was most completely and absolutely dark, otherwise 
I might have had the interesting observations which Mr. Christie 
had. 

Mr. Neison, I think Lord Lindsay's explanation is probably the 
true one, that the faint star disappears through the eye being over- 
powered with the brightness of the Moon's limb. 

7^0 President. At to what fell from Mr. Ranyard with regard 
to the apparent flattening of the disk of Jupiter when the satellites 
came up to it, I think you can see that mechanically also. If you 
have a white disk projecting on a black ground, and you have a very 
small disk of some colour brought up to make the contact, such as we 
make in the transit of Venus, the greater one will be apparently flat- 
tened at the same time that the smaller disk is brought up against it. 
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Mr. Downing read a papar on the Reduction of the North Polar 
Distances of the Cape Catalogue for i860 to Auwers* Standard. 
When comparing catalogues together for such purposes as the de- 
termination of proper motions, it is of course necessary, where ex- 
treme accuracy is desired, to reduce the places of the stars given in 
the different catalogues to a uniform standard, so that the systematic 
discordances peculiar to each individual catalogue may be thus elimi- 
nated. The standard usually adopted for North-Polar Distances is that 
given by Dr. Auwers in N0.1536 of the ^Astronomische Nachrichten' 
(also published in the ^ Connaissance des Temps,' 1868) ; and in this 
paper the corrections are given which it is necessary to apply to the 
N.P.D.S of the Cape catalogue for i860 to reduce them to this 
standard. 

The Cape catalogue has first been compared with the Greenwich 
Seven-year catalogue for i860. As Mr. Stone has reduced all the 
stars in the Cape catalogue which are common to it and the Green- 
wich catalogue with the proper motions given in the latter, no 
correction is necessary on this account, and the places in the two 
catalogues have been used without any alteration. There are 385 
stars common to the catalogues which are available, after rejecting 
all those whose places in either catalogue depend on a single obser- 
vation. These 385 stars have been arranged in order of NP.D. 
and then taken in groups embracing about 5° each, and the means 
of the N.P.D.8 and of the difierences between the catalogues 
taken for each group. The differences have then been plotted 
down and a curve drawn through the points, which may be taken 
as representing the systematic differences between the catalogues. 
The differences extending from N.P.D. 48° to 124^ are given 
in a table for every 4^, and by applying the corrections to the 
Greenwich catalogue given by Dr. Auwers, we have the cor- 
rections applicable to the N.P.D.S of the Cape catalogue to reduce 
them to the standard. For the southern stars situated between 
N.P.D. 120° and the South Pole, the Cape catalogue has been 
compared with Henderson's catalogue publrshed in the tenth volume 
of the ' Memoirs,' as Dr. Auwers uses the latter as a provisional 
standard, there not being sufficient materials for the formation of an 
independent standard for these southern stars. There are 67 stars 
available for the comparison with Henderson ; and as it might be 
considered that this number was not sufficient for a trustworthy 
comparison, the catalogues have also been compared indirectly by 
means of Johnson's St.- Helena catalogue, there being 202 stars 
common to the Cape catalogue and Johnson, and Dr. Auwers having 
given the reduction of Johnson to Henderson derived from 149 
stars. No correction has been applied to Henderson's places for the 
effect of the proper motion corresponding to the fraction of the year ; 
but for Johnson's places two years' proper motion has been applied 
to every star, as the places are given for 18300, and 1832*0 may be 
taken, in the mean, as the mean date of observation. The mean of 
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the direct and indirect comparison between Henderson and the 
Cape catalogue has then been taken as the adopted reduction to 
Henderson. 

Mr. Green read portions of a letter he had received from Pro- 
fessor Trouvelot, Cambridge, U.S., in which reference was made to 
the singular agreement between the drawings of Mars made at 
Cambridge and Madeira. The letter also contained a reference to 
the dark canals in the drawings of Professor Schiaparelli, of Milan, 
tracings of which had been sent to Professor Trouvelot. Professor 
Trouvelot's observations gave very little support to Signer Schia- 
parelli's representations of these canals. According to Signer 
Schiaparelli, these canals became visible after opposition ; but Prof. 
Trouvelot has observed the planet on every clear night "from April 
1877 till May 1878, and has made during this period 218 observa- 
tions, and obtained 212 drawings, without being able to see them." 
Mr. Green continued his remarks by quoting from the ' Trans- 
actions ' of the Royal Dublin Society a statement by Dr. Dreyer, of 
the Earl of Rosse's Observatory, Parsonstown. Referring to the sur- 
roundings of the Lockyer sea. Dr. Dreyer says, " It appeared to 
be Joined to the De La Rue sea by an extremely faint and diffused 
band, but this was considered rather doubtful." Mr. Green said 
he had observed exactly this appearance of a uniting band during 
the earlier part of the evening of Sept. i, 1877, but that as the defi- 
nition of the night improved, this supposed band resolved itself into a 
definite dark spot, lying between the Lockyer sea and De La Rue 
sea, and clearly separated from both ; and he argued from this that 
it was possible the dark canals seen by Professor Schiaparelli may 
have had a somewhat similar origin, and that many discrepancies 
between the various drawings of the planet may be due to the 
deceptive appearances produced by atmospheric disturbance. 

Mr. KnobeL I have seen this map, and would suggest, before it 
IS printed, it should be referred to a Committee of one or two, who 
are fully acquainted with the drawings that are extant of Mars, that 
they may discuss them impartially, and see what they represent, and 
make what alterations or corrections may seem necessary. 

Mr, Ranyard. It is a very serious thing to publish the chart of 
a planet because it has a tendency, no doubt involuntaiy, to afiect 
subsequent drawings — a tendency which perhaps observers are not 
able themselves always properly to estimate. In this drawing what 
has been called the great Equatoreal Girdle of the continents of 
Mars appears not only to be a little more solid, but a little more 
towards the north. It seems to throw the mass of the continents of 
Mars more into the northern hemisphere than Mr. Proctor*s map 
of Mars. In his map the chief mass of the continents is also in the 
northern hemisphere ; and there, as here, is a ring of sea round the 
pole, which again has a ring, or nearly a ring, of land around it, 
and again a ring of sea, and then the Equatoreal Girdle of conti- 
nents, and that is the same at either pole. The size of the two polar 
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ice-caps differs, but probably that may be owiDg to the very remark- 
able difference between the cold at the two p)oIes. The north pole 
of Mars, I think, is being turned towards the Sun when Mars is in 
aphelion ; and as there is a greater ellipticity in the orbit of Mars 
than in our orbit, there is a much larger northern than southern deve- 
lopment of ice. There is also to be considered the time at which 
Mr. Green made his drawing ; but what I want to draw attention 
to is that the appearance of snow-action — and it may be of recent 
snow-action — seems to be greater at the North Pole of Mars than 
at the South Pole. In this map Mars is a little more like our 
Earth than appears in the Mercator*s projection, published by 
Mr. Proctor some years ago, and which was made from drawings 
by Mr. Dawes. 

The President By turning the points into lines, Mr. Green 
suggested that bad definition would produce a new description of 
astigmatism, because practically it would come to that. Although 
the ordinary effect of astigmatism is confined to a certain angle in 
the eye, bad definition, according to Mr. Green's theory, would pro- 
duce astigmatism at any angle in which it was seen. I understood 
Mr. Green to say that certain points became a line. 

Mr. Green, Yes ; and the answer I would desire to make to that 
would simply be that they are connected more or less with atmo- 
spheric vibrations ; that is to say, if you have a series of points in a 
line, the mere circumstance of the atmospheric vibration between 
the one and the other would very likely connect them and produce 
the idea of a line. I find in a great many portions of Mars, espe- 
cially since I went carefully over the chart-formation, comparing 
it with M. Schiaparelli's drawings, there were faint hints of con- 
nexion here and there, sometimes stronger and sometimes weaker, 
but quite sufficient, with imperfect sight or imperfect definition, to 
produce the idea of a continuous line ; and therefore it was quite 
possible that when an observer, perhaps not very well accustomed, 
to draw exactly what was seen, saw a something, that something 
was turned into a line, whereas what was really seen was very far 
from a sharp line. 

The President So far as I recollect M. Schiaparelli*s drawings, 
those lines or connexions were not only vertical, they were at every 
angle. 

Mr. Green. Yes. 

The President, So that any disturbance taking place would pro- 
bably be in one direction, either vertical or horizontal, and not a 
disturbance vertical and horizontal and at an angle at the same time. 

Mr. Green, It would depend upon the direction in which the 
vibrations took place as to whether the connexion between the 
points would be most distinctly seen. With regard to Mr. Knobel's 
proposition, I shall be quite delighted if anybody will kindly help 
me. 

Mr. Sadler. May I suggest that with the telescope that M. Schia- 
parelli used it would be almost impossible to see the minute canals 
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that he has in his drawings of Mars. I have looked at that map of 
Mars, and those canals appear to be under -j^^^th of a second in 
diameter, and with an 8-inch aperture it is perfectly impossible to 
see canals of that size. 

Mr, Neiwn was called on to read a paper on a '^ General Solution 
of the Problem of Disturbed Elliptic Motion." The paper gives an 
account of a method for completely determining the perturbations 
of a body moving in an elliptic orbit and disturbed in its motion by 
the attraction of one or more distant bodies. Suppose the body to 
be a planet moving round the sun, or a satellite moving round a 
planet, if there were no other bodies it would move in a uniform 
ellipse. But suppose that there are other planets or other satellites 
in the system, the given planet or satellite will no longer move round 
its primary in a fixed elliptic orbit, but will be disturbed in its 
motion by the effects of the attractions of the other bodies. Its 
motion may be represented by supposing it to move steadily in an 
ellipse — not in a fixed ellipse, but in an ellipse which is constantly 
changing in form and position. The problem is reduced, therefore, 
to completely determining these changes in the form and position 
of the ellipse. 

It has not as yet been found possible to determine these pertur- 
bations or changes in the form or position of the ellipse in a finite 
form, so that we are obliged to determine their values by successive 
approximations. We first determine the effect of the attraction of 
the disturbing bodies on the planet as it moves in its undisturbed 
orbit, and so compute what are called the perturbations of the order 
of the first power of the disturbing forces, because each of these 
perturbations depends on the first power of the mass of the disturb- 
ing body. Secondly, we determine the effect of the attraction of 
the disturbing bodies on these perturbations of the moving planet 
These are called the perturbations of the order of the second power 
of the disturbing forces, for they involve the second power of the 
mass of the disturbing body. In this manner, by successive approxi- 
mations, it is theoretically possible to completely determine the 
perturbation to any order of accuracy. 

For the planetary theories this method can be employed in prac- 
tice, for it is not necessary to go beyond the second approximaiion ; 
but for the moon it has never been considered practicable, for it 
is necessary to consider the fourth approximation, and the method 
becomes so very complicated under these conditions as to be 
unmanageable. 

By suitably transforming the usual elements of the elliptic orbit 
into another system of elements, canonical in form and possessing 
the requisite properties, Mr. Neison has been able to obtain a 
general expression for the perturbations complete to any order of 
accuracy. By giving particular values to the constants in this ex- 
pression the value of the perturbations can be at once written down 
to any order of accuracy, and so iii practice a complete solution be 
obtained. 
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Mr, Thomthwaite read a paper by Mr. Levander describing an 
instrument with a variable diaphragm for use in solar and sidereal 
observations. He said : — " The idea of this frame is to get as perfect 
as possible a size of aperture for various purposes, such as observing 
the Sun, shutting out a brighter star when you have to observe a 
faint companion. The principle is two squares, which can be very 
accurately made, and by moving one over the other you get the 
contraction of the telescope always in the centre of the field and of 
any given size. I have not found the effect of a square quite so 
bad as a triangle. I believe Mr. Levander intends to make use of 
ii in various ways, putting it, for instance, in the focus of an eye- 
piece and diminishing the field and also the light of the Sun. 

'* In respect to my remarks about cylindrical lenses, I should wish 
to add a few words of explanation. If you look through a cylin- 
drical lens at a pair of stars, instead of getting each star as a disk 
you get it as a line, and obviously of less diameter with greater 
length. I think it is very plain that it is possible to measure with 
greater accuracy a pair of lines than a pair of disks in a double- 
image micrometer. You can bring the one line very truly over the 
other, and also when you revolve the cylindrical lens 90^ you 
get the stars in one line and can measure very faithfully the posi- 
tion-angle. I would suggest to Mr. Gill that a modification of 
this plan might be tried with the Heliometer." 

Mr. Gill, I am obliged to Mr. Thomthwaite for his explanation. 
I have used the cylindrical lens in a great many ways before, but I 
think he forgets that the problem is measuring angles and distances 
in the heliometer, and if he were to try it with the heliometer he 
would find a great many difficulties. If he likes to talk with me 
afterwards he will find that it is impossible to apply a cylindrical 
lens with the heliometer. He refers to the advantage of super- 
posing one line upon another. The principle of superposing one 
disk upon another is the worst possible method of measuring. The 
great thing in measuring distances with the heliometer, where you 
have large distances to measure, is to get the coincidence of two 
disks by causing one disk to [)ass rapidly over the other, and not by 
setting one on the top of the other, which would introduce a cause 
increasing instead of diminishing the error. 

Mr. Banyard, I should like to correct a mistake I made at the 
last meeting, owing to an oversight. Mr. Schuster read a paper on 
the recent Eclipse, in which he drew attention to a matter which 
has been observed by more than one polariscopic observer during 
recent eclipses, viz. that the polarization of the corona does not 
decrease regularly as you pass outwards from the Sun's limb, but 
that there is an area of maximum polarization at a certain height 
above the Sun's limb. Mr. Schuster showed that the polarization of 
the light dispersed by small particles in the corona should increase 
as you pass away from the Sun. His proof only applies to the light 
dispersed by single elements of the corona ; but the same thing is 
true, as I have shown in the Eclipse volume, if we take into account 
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the polarization of the light derived from all the elements of the 
corona seen in the same line of sight by an observer at the Earth. 
Mr. Schusters method of reconciling the observed facts with 
theory is to suppose that in the higher parts of the corona a con- 
densation of matter takes place, and that the light is dispersed by 
the larger particles according to a different law. It seems probable 
that any such change in the physical condition of the matter of the 
corona would be accompanied by a change in the intensity of the 
light dispersed ; but there is no evidence afforded by the photo- 
graphs of any sudden change of brightness corresponding to the 
area of maximum polarization. In fact there is nothing which 
looks like concentric structure indicating regions of dissociation and 
condensation such as theorists have frequently referred to. The 
more probable explanation of the decrease in the intensity of the 
polarization in passing outwards is that the polarization of the faint 
light of the outer corona is drowned by the light dispersed by our 
atmosphere through which the corona is observed. This is the 
explanation I have suggested in the Eclipse volume; and when 
we consider the circumstances under which the corona is observed, 
I think it seems the most probable explanation. 

During totality the atmosphere between the observer and the Sun 
is lit up by light derived from clouds upon the horizon. And the 
sky about the Sun's place disperses a considerable amount of light, 
which is found to be faintly polarized in a plane perpendicular to 
the horizon. In considering the polarization of the light derived 
from any part of the visible corona, we shall have to consider what 
will be the polarization of the light which is compounded of the 
light derived from that part of the corona and the light dispersed 
by the atmosphere. Now though the polarization of the light of 
the corona increases rapidly as we pass away from the Sun's limb, 
the intensity of the light of the corona decreases very rapidly ; and 
the consequence is that the radial polarization of the total light 
diminishes outside a certain point. During the recent eclipse, and 
also during the eclipse of 187 1, it would seem that the radial polari- 
zation was very clearly visible close to the Sun's limb, and that the 
intensity of the radial polarization did not decrease very rapidly in 
passing from the area of maximum polarization down to the Sun's 
limb so as to cause the area of maximum polarization to appear as 
a marked feature. In fact some of the observers during the recent 
eclipse described the polarization as decreasing regularly from the 
limb outwards. Now this shows that there cannot be any consider- 
able mixture of unpolarized light with the light dispersed by the 
small particles of the lower corona, for such an admixture would 
tend to obliterate the polarization of the lower parts of the corona 
80 that there would be a rapid increase of polarization in passing 
from the limb outwards. This reasoning becomes more striking 
when we consider all the other causes which must tend to obliterate 
the polarization near the limb, such as the large angle which the 
photosphere subtends to particles floating in the lower corona, and 
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the admixture of iDcandesceDt particles with the coronal matter. 
We may therefore assume that the light of incandescent gas which 
would be unpolarized does not form a large proportion of the light 
of the lower corona, and consequently that the monochromatic 
images of the corona must be very faint compared with the total 
light of the corona. 

Mr. Brett. With regard to the recent Eclipse, we were pecu- 
liarly fortunate in that our Secretary was able to observe it under 
very favourable circumstances. It has hitherto been the prac- 
tice of Fellows of this Society to relate to us their experiences on 
such an occasion, or else to present them to the Royal Society. 
But the only information that we have got about this Eclipse has 
been from the American newspapers, in which very interesting ob- 
servations are attributed to Mr. Ranyard ; and I am sure it would 
be very gratifying to the Society if he would explain to us how it 
was particularly that he made his photograph of Young's stratum. 
Most of us are not aware that Mr. Young has got any stratum. He 
is a distinguished Associate of this Society, but that has no bearing 
upon his stratum ; and I should like to know what it is, and to have 
Mr. Ranyard*s description of his photograph. Another point in- 
terested me very much. Those observations are said in the Ameri- 
can papers to have been made with a 13-inch camera and a 6-ft. focus: 
I have no idea what such a camera can be. I did not know 
that a camera had any focus ; and perhaps the President will allow 
me to a<«k whether he thinks that it is treating us fairly, or with Mr. 
Ranyard*s usual courtesy. 

The Presidefit. Those observations require a great amount of 
thinking and reduction before they can be brought forward. The 
observations which were taken of the Transit of Venus were taken 
four years ago by the Government, but we cannot say that they are 
really published yet. 

Mr, Brett. If they had not been communicated to the American 
paper I should not have said any thing about it. 

The President. The Americans are wonderful people for getting 
information. 

Mr. Christie. With respect to the Transit of Venus observations, 
the Astronomer Royal was careful to inform the Society what had 
been done. Without discussing the observations he carefully stated 
what results had been obtained or had not been obtained, without 
committing himself any further. 

The President. I will withdraw the Transit of Venus, which was 
the first thing that occurred to me. I would refer to my own ob- 
servations in 1870 at Cadiz. 

Capt. Noble. Mr. Brett must be troubled with an exceedingly 
abort memory ; but if he would care to exercise it he might re- 
member that a friend of his own, a Fellow of this Society, went out 
to observe the Eclipse of 187 1. The first information that we had 
came from Col. Tennant, who came into this room within twenty- 
four hours of his landing in England and gave us an account of it 
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But that friend of his was hawking about his observations to any body 
that would pay to hear his lecture upon them, though we never 
heard a won! about them. As a personal attack has been made 
upon Mr. Ranyard, I think it right to say this. 

Mr, Ranyard. I do not think that a personal attack was intended. 
The photographs are now on the table; and if Mr. Brett cares to look 
at them afterwards, he can do so. They were taken with a lens 13 
inches in diameter, in the focus, 6 feet away from the lens. The 
camera was mounted equatoreally in the old English fashion ; the box 
in which the camera went out served for the polar axis. The reason 
of my not having read a paper on the Eclipse before is that some years 
ago I undertook to edit the observations of the Eclipse of 1870. 
Shortly afterwards) the observations of the Eclipse of i860, many 
hundreds of which had been collected by the Astronomer Royal, 
were put into my hands to edit also. At\er that came the Eclipse 
of 1 87 1 ; and at the same time it was considered that it would greatly 
improve the whole if a collection of the physical obserations of eclipses 
generally was made. This work has taken up my time for nearly seven 
years. I thought it was right, with the approval of the Astronomer 
Royal, to go to America and make use of the beautiful camera lent 
me by Mr. Esdaile, and to leave the volume for the time that the 
journey would take. Since my return I have been giving the whole 
of the time that I can give to such matters to the Eclipse volume, 
in order that it may be in the hands of the Fellows as soon as pos- 
sible ; and although they are naturally becoming a little impatient^ 
I think that they would wish me to finish what I have undertaken. 

The President read a note on some hitherto unnoticed fea- 
tures near the lunar crater Hyginus, observed with a refractor oF 
1 5^ inches aperture. On Oct 16 the terminator passed over Hyginus 
and the configurations were well shown. Six drawings were made. 
In sketch No. i there is no trace of the crater in the S.W. ; but in 
No. 3 a curved ridge is shown, and in No. 5 part of the wall of a 
shallow but regular crater. 

On the motion of Mr. Talmage, seconded by Mr. Brett, Mr. 
Common, Mr. Esdaile, and Dr. Wentworth Erck were re-elected 
Auditors. 

The following papers were announced : — 

•/. E, Gore, On a new Variable Star, t Andromedse. 

W. H. Pickering. Total Eclipse of the Sun, July 29th, 1878. 

Prof. C. A, Young. Measures of the Diameter of Mercury made 
at the Princeton Observatory, May 6th, 1878. 

Rev. S. J.Perry, Phenomena of Jupiter's Satellites, 1877-78, 
observed at the Stonyhurst Observatory. 

The following were ballotted for and duly elected Fellows : — 
The Rev. Charles Heaven and Mr. James Whewall. 

VOL. n. Y 
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On Dr. Klein's supposed new Crater, and the region north 
ofHygxrms. 

While perBiatent cloud and haze continue generally to obecure the 
Moony confusion to some extent j^ems to hang over the obsenrations 
that have been made of the object called Klein's crater. And as 
this confusion appears to puzzle such eminent selenographers as 
Mr. Birt and Mr. Nelson, it is not wonderful if mere observers, 
like the writer, find great difficulty in reconciling the observations 
with each other, or Dr. Klein's statements with the Moon itself. 
The existence of this confusion will be apparent to anyone who 
will patientlv compare all the published observations. Indeed it 
seems doubtful if some observers' notes do really refer to the object 
they are intended to describe. 

This undesirable state of the matter is very greatly chargeable to 
the misleading engravings professing to indicate the position of the 
object to which we have been treated in this country — a fact to be re- 
gretted because, in combination with the continually unfavourable 
weather, it has helped to place English observers at a disadvantage. 
The dates of Dr. Klein's observations also have been wrongly stated 
by more than one scientific journal ; so that it is very desirable that 
observers should take advantage of all favourable opportunities in 
order to prevent the matter from lapsing into the difficulties which 
beset the elucidation of the famous case of Linn^ 

The actual existence of an object in the locality named by Dr. 
Klein is proved not only by bis own observations, but also in this 
country by those of Messrs. Neison, Knott, and Sadler, and sup- 
ported by existing photograms. Mr. J. Rand Capron, F.R.A.S., of 
Guildford, has also obtained a really fine view of it. The following 
are his notes relating to it, with which he has kindly favoured 
me: — 

*' 1878, Sept. 6th, Moon's age 9' I8^ midnight Hyginus, and 
adjoining ridges, and some small craters well seen and sketched. 
Klein's crater was not observed." 

« 1878, Sept. i6th, 9"^ G.M.T. Moon's age 19* 15*. Neighbour- 
hood of Hyginus examined and sketched. (Mr. Pratt was with 
me.) Klein's crater was unseen." 

«• 1878, Nov. 2nd, (f 45" G.M.T. Moon's age 7* i9\ The 
district was not quite on the terminator. The field was steely 
grey in tint, only moderately lighted, and the ridges and craters 
stood out strong and sharp. Definition good throughout, though 
the air was not steady. Bore eyepiece £ well. An object was 
found in the position assigned to Klein's crater. A moderately 
sized, very slightly oviti, cup-like cavity, of greyish-black tone, with 
an indistinct Tighter margin or rim. The cup was more deeply 
shaded on the side towards the Sun, while the rim or margin was 
lighted up on the opposite side. No focussing would give detail ; 
and this nebulous appearance was in great contrast with the sur- 
rounding objects." 
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" 1878, Nov. loth, g^ 30" G.M.T. Moon one day after full. No 
detidli could be got out of the district in general, but there was much 
haze." 

'* The instrument used was a 6-inch equatoreal by Cooke. Eye- 
pieces Browning's achromatic B and £; powers 178 and 378.'' 




J. B(md Capron dek 

Klein's Obatbb. 1878, Nov. and, 6"* 45". 

Mr. Capron further remarks : — 

" The impression conveyed to my mind was that the object could 
be most easily overlooked* except under very favourable conditions 
of lighting and air. I have a lunar map by Russell* the crayon 
painter of Guildford ; it is quite fifty years old. Upon it Hyginus 
and its neighbourhood are fairly shown ; and near where Klein's 
crater should be there is an indistinct dark spot* but I am not at all 
certain it is more than an accidental darkening in the shading on 
the stone." 

The difficulty of observing Klein's crater might so far be accounted 
for if the observations indicated any thing like the occasional local 
obscurations which I discovered during my seven or eight years 
systematic scrutiny of the floor of Plato. But they do not. At least 
I will endeavour to show that other reasons are quite sufficient to 
explain it. 

The fact that its visibility is sensitive to slight variations in the 
angle of illumination is proved, at least to my own satbfaction, both 
by Dr. Klein's observations and those of Mr. Capron. 

The following Tables will make the matter clear : — 



Date. 



Alt 


of Sun. 







3 rising. 


2 


ft 


»3 


tt 


17 


»» 


'9 


»t 


21 


}» 


»7 


tt 


28 


fi 


S« 


tt 



Eldn'B remarks. 



1878, April 9. 

1877, May 19. 

1878, April 10. 
1877, Not. 13. 
1877, Dec. 13. 
1877, July 18. 

1877, Not. 14. 

1877, July 19. 

1878, March 15. 



Extremely distinct. Obrious as Hyginus. 

Deep black. 
Large black orator without wall. 
Qrev difPiised spot. 
Unoefined border. Black nudeos. 
Hardlv disUnguiBhable. Dull spot. 
Large black orator. Vaporous boraer with 

nucleus. 
Not a trace. Air remarkably dear. 
Disappeared. Perhaps an undefined grey 

spot. 
Not a trace. Other objects distinct. 
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Here it will be seen that the remarks vary very closely with the 
altitude of Sun above Klein*s crater and that when the altitude is 
below 10^ rising the object is well seen, that when it is between 
io° and 22^ the object can still be seen but undefined, and that ge- 
nerally above 22° not a trace of the object is visible. 

The observation of 1877, July 18, is the one among nine that 
disagrees very slightly with the general rule ; but may not that be 
well accounted for by an exceptionally fine state of the air ? 

Mr. Capron's notes may be compared with the altitude of Sun at 
the time he was observing, thus : — 



Date. 


Alt. of Sun. 


Mr. Capron's remarks. 


1878, Sept. 6. 

1878, Sept. 16. 
1878, Not. 2. 

1878, Not. 10. 


35 riring- 

22 setting. 
22 rising. 

68 setting. 


Klein's crater unnotioed. Other objects 

distinct 
Grater unseen. 
Crater seen well as a cup-like caWty with 

nebulous margin. 
No detail Tisible. 



It will be seen that the result of Mr. Capron's observations ac- 
cords with that derived from Dr. Klein's. That Mr. Capron was 
able to see so well when the sun's altitude was as great as 22° may 
partly be on account of an exceptionally fine night, but more pro- 
bably was caused by the greater power and penetration of his tele- 
scope. It is worthy of remark that Mr. Capron noted no black 
nucleus. 

That the obiect is really a crater at all seems open to consider- 
able doubt On 1878, Oct. 17, 10^ to I2^ I was observing the 
region while the terminator was passing over it, a condition under 
which one might reasonably expect that a crater of even less than 
3 miles diameter would be easily visible. Yet the result of my 
careful search was that nothing whatever was visible 0/ the cAarac- 
ter assigned by Dr. Klein to his crater. The definition at the time 
was not fine, but it was difiicult to think a crater such as Klein's 
existed there without being very visible under such an extremely 
low angle of illumination. If a crater 3 miles diameter waa ever 
full of deep black shadow it ought then to have been full to the 
very brim. 

The probability that the object is a shallow depression combined 
with a dark ground marking seems veiy great, and is supported by 
the difficulties of observing it. Such an object might only be ob- 
servable under a rising sun, and it should be noted that on every 
occasion when it was observed by Dr. Klein, as well as Mr. Capron's 
view, it was under a rising sun, while my own observation was 
under a setting sun, and then it was invisible. Further support of 
the idea that its character is as here indicated is derived from Mr. 
Capron's drawing, plainly showing it as a shallow depression. I 
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hare (by the courtesy of Mr. EUery) a copy of the very beautiful 
photogram of the Mood, taken with the great Melbourne telescope, 
dated 1873, Sept* i. Of this I have made an enlargement of the 
locality under discussion, which magnifies it to a considerable extent* 
Upon this there is visible what appears as a shallow depression, 
with its dark side towards the Sun, which was then rising. Whether 
this can be taken as a further support of the suggestion as to the 
true nature of the object I will leave to others to determine, but it 
certainly accords entirely with Mr. Capron's drawing. 

Whether Dr. Klein's supposed crater is really a neu* object it is 
not easy positively to determine ; but surely the probability is much 
against such a supposition. On the Melbourne photograph above 
referred to, dated 1873, it is clearly shown, iirhile upon another, by 
Rutherfurd, of New York, which I possess, dated 187 1, it is also 
visible, although not so decidedly clear as on the Melbourne copy ; 
and I learn from Mr. Christie that at the Greenwich Observatory is 
another by Rutherfurd, dated 1865, March 6, upon which it is also 
seen. So we must conclude that whenever it was new it was at some 
date anterior to 1865. 

But whether new or not it must be confessed that the maps do 
not exactly represent the region in many points; and they also 
differ to considerable extent inter «f . That is probably accoun- 
ted for by the fact that observations of the district are most fre- 
quently taken about first quarter, and that the locality is one subject 
po great differences of appearance under the opposite illumination. 

As a contribution towards a better knowledge of the appear- 
ance of the region under a setting sun i submit a sketch (Plate T.) 
taken on 1878, Oct. 17, 10^ to I2^ Its western boundary coincides 
with the terminator at 1 1\ The few objects it contains on the 
south of Hyginus are there chiefly as guides to the relative posi- 
tions of the objects on the north of the clefts. 

Hyginus itself appeared without a true wall. 

Tfiesnecker a is the crater nearly south of Hyginus. 

A very shallow valley runs between the two, which h^herto I 
have never seen described, and there is no indication of it upon any 
map with which I am acquainted. 

Hyginus b is the small crater nearly east of Hyginus. 

A wide and very shallow valley runs northward from Hyginus in 
a recurved form, and enters a break in the outer wall of the curious 
formation which is badly described as M&dler^s spiral. This valley 
at the time of observation exhibited nothing whatever of the deft 
which Dr. Klein has described as being near its position, but was 
bounded on the east and west by what appeared to me simply as 
lines of fault. It is possible that <he fault forming the eastern 
boundary of the valley may appear under a rising sun more like a 
cleft than at the time of my own observation. But I cannot think 
Dr. Klein's description of what he saw applies to this shallow valley, 
which is far wider than what he appears to have seen, if I under- 
,stand his description rightly. 
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A series of very low curved banks on the west of this valley were 
curiouslr suggestive of waves from Hyginus as a centre of disturb- 
ance. Of these I find no traces on the maps. 

Between the northern ends of those banics and Madlei's spiral 
were some rounded hiUs in about the same position as Klein's crater, 
but there was nothing crater-like about them or near them. 

A ground-marking darker than the general tint of the surround- 
ing locality was visible between the hilb last mentioned and the 
spiral ; but it was quite a flat tint, without any thing suggestive of 
hollowness, and across it fell the shadow of the outer wall of the 
spiral. 

Two other grounds-markings of similar nature were seen near the 
western end of the two long ranges of hills which are conspicuous 
near the bottom of my drawing. The lai^r one, partly inclosed 
on all sides by the ends of ranges and isolated hillsy appears, in a 
small telescope, and under particular illumination, not unlike a 
crater. 

The spoon-like termination of the north-east branch of the Hy- 
ginus cleft was finely seen, while the complete cleft came out ex- 
ceedingly well, its southerly side appearing very dark and its 
northerly side brilliant white. 

Southwards from Triesneoker a ran the well-known and decided 
clefl which appears on Neison's map. 

The instrument with which my own observations were made was 
a Newtonian equatoreal, speculum hj With, of 8-15 inches aperture, 
powers 180 (Ramsden) and 270 (Kellner). 

Henrt Pratt. 

Brighton, 1878^ Deo. 6. 

Since the above was written Mr. Capron has favoured me with 
the following notes :^<' 1878, Dec. 4, 4^ 45"", Moon*s age io<> 8\ 
Air unsteady, but definition fairly good. Eyepieces as before. In 
the place of Klein's crater was a dull spot, darker than surrounding 
region, fairly well defined, but apparently flatter and less cup- 
shaped and more even in tint than in 1878, Nov. 2. Its margin 
was sharper and better defined than on that date, and the side most 
lighted up was distinctlv ragged and broken up. 

<' Tlie most curious feature was that the whole object was appa* 
rently considerably larger than on Nov. 2, extending closer to Hy- 
ginus on one side and to the bright range on the other." 



The Sun's Corona and Meteor-Streams. 

In my paper read before the Royal Astronomical Society in 
November, I endeavoured to account for the appearance of the 
Sun's Corona, as seen in America during the total eclipse in July 
last, as being formed chiefly by a combination of meteoric orbits, 
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and I exhibited a diagram to illustrate this view of the subjecty 
which is here reproduced. 

The wedge-like distant streamers which are shown in the general 
direction of the ecliptic and of the Sun's north pole are derived 
from a sketch and description given me by Prof. Cleveland Abb6, 
who observed at an elevation of more than iiooo feet, using 
spectacles only, and who has stated his impression that these 
streamers were of meteoric origin. ^^ 

His observations are confirmed by others ; 1 refer particularly to 
Dr. Edmunds of Denver, and to the representation given in No. 461 
of * Nature * by Mr. Lockyer, who observed the eclipse during 
part of the time with the naked eye, and described the general 
appearance as that of a wind-vane. 




The firm lines on the white ground in the woodcut are carefully 
reduced from the original sketch taken by me during totality, being 
at the time entirely free from any hypothesis respecting the nature 
of the corona. 

The firm lines on the black ground are derived from Prof. Abb6 s 
sketch. They do not extend in the woodcut, however, so far as he 
observed them. The dotted lines, wherever they occur, are con- 
tinuations of the hypothetical orbits. 

The cone-like streamers of the ** wind-vane ** suggest a band of 
considerable breadth, having an extensive orbit of great excentricity, 
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which may be compared in appearance to the apses of Saturn's 
ring when seen very obliquely. The lines seen in the more central 
part i«eem to coincide with orbits of Fmaller extent, all of them, like 
the November meteors, having the material part concentrated over a 
comparatively small part of the orbit. The dusky mottlings in the 
norfh-western part of the corona might seem to belong to an orbit 
seen in section, and with the material part at such a distance from 
the Sun as to receive but little illumination and therefore inter- 
cepting some of the light of the more central corona. 

During totality I had recorded that in the direction of the 
ecliptic the corona faded off imperceptibly both east and west. 
The streamers of the '< wind-vane '' seen by the naked eye observers 
explain the difficulty I had in assigning a definite termination in 
these directions. I am far from arguing that the whole of the 
corona is explained on the meteoric theory, and particularly so in 
the case of the almost radial emanations which appeared like 
bundles of spun glass proceeding from the Sun's poles, especially 
the northern. 

F. C. Penrose. 



Mrs. Gill's ' Suff Manths in Ascension'* 

Accounts of scientific expeditions are usually uncommonly dry. 
Fortunately Mrs. Gill has shown us that one such enterprise, at all 
events, had its romantic side, and that adventures are to be met with 
even in the determination of the Solar Parallax. The simple narra- 
tive of the privation and toil which she cheerfully underwent in com- 
pany with her husband affords touching evidence of the enthusiasm 
which prompted the expedition and carried it through to a success- 
ful issue. Of the difficulties encountered, but a slight idea could be 
gathered from the letters which Mr. Gill communicated to the 'Ob- 
servatory ' last year. The results secured were all-important in his 
eyes, and the troubles which enhanced their value were merely hinte^ 
at. Mrs. Gill has now taken us behind the scenes, and has shown 
us the machinery which kept every thing going. Nothing but her 
untiring devotion could have rendered possible that ceaseless watch 
on the planet Mars, without which the enterprise would have ended 
in failure. 

The origin of the expedition is well told by the author, and its 
object is unfolded in familiar language by the homely aid of knit* 
ting-needles. The sea voyage was painfully devoid of interest, at 
any rate to Mrs. Gill ; but the sight of terra firma revives her, and 
we have a lively description of Madeira, Teneriffe, and St. Helena. 
The route to Ascension may be described as two steps forward and 
one back ; and the travellers had to go as far as the last-named 

* * Six Months in ABcension. An Unsoientiflo Account of a Soientiflc Bipe- 
dition/ Bj Mrs. GiU. Ix>n4on; John Murray, 1878. 
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island in order to meet the steamer from the Cape to Ascension. It 
was with much regret, doubly intensified on Mrs. Gill's part, that 
they left the pleasant shores of St. Helena, rich in its astronomical 
associations, not to mention others of a more mundane character, 
for the barren isle of Ascension. The difficulties of landing, the 
anxiety caused by persistent cloud, and the successful though ai^duous 
attempt made to evade it, incidentally mentioned in Mr. Gill's 
letters, are here vividly painted by the hand of an enthusiast 
Whilst the astronomer was struggling night after night with the 
clouds, his wife set out on an exploring expedition over the crushed 
cinder, by the light of a bulls'-eye lantern, to determine whether 
the cloud which came up at nightfall extended over the whole of 
the island. The result of her expedition was, that the south part 
appeared to be comparatively free from the cloud formed by the 
Green Mountain, and it was resolved that the observatory should be 
moved at once. Mr. Gill accordingly pitched his tent on the 
** clinker," and his wife insisted on joining him. The hardships in- 
volved in this change of quarters can only be realized from Mrs. 
Gill's pages. The only habitable part of the island is in the imme-^ 
diate neighbourhood of George Town or '* Garrison," as it is more 
usually called, and even that could hardly be considered an abode 
of luxury. The rest is formed of needle-like masses of lava or 
" clinker," without a particle of moisture or a sign of vegetation. 
** Imagine," says Mrs. Gill, ** the neighbourhood of a great iron-" 
foundry strewn with the accumulated slag of years, some of it in 
rough compact masses of various sizes, some reduced by the action 
of time into a fine powder, ready to be stirred into a cloud with 
every breath of wind. Such was the ground-work upon which one 
had to make things comfortable at Mars Bay." To add to the dis- 
comfort the inhabitants were suffering from a scarcity of water, the 
consequence of a long- continued drought; and the chaplain flatly 
refused to pray for rain, saying that it was England's duty to sup- 
ply the " Flora tender " (as Ascension is called in the Navy List) 
with proper condensers. However, the hardships were cheerfully 
endured, and despite much anxiety the opposition of Mars was 
satisfactorily observed. Every reader will sympathize with Mrs. 
Gill in her enjoyment of a ten days' holiday on the Green Moun- 
tain after their toils were over. She seems absolutely to revel in 
the sight of green things after the '< abomination of desolation "of 
the clinker, where, but for the sea and its inhabitants, nature would 
have been utterly unlovely. Every thing seems to have a delicious 
freshness to her as she came from the arid desert of Mars Bay, and 
her delight in natural beauty is infectious, giving a charm to the 
description even of the most ordinary objects. 

Life in Ascension is so strange, and the island is so peculiar in its 
character, that Mrs. Gill's story has an interest of its own, quite 
apart from its astronomical surroundings. It is written in a lively 
style, and interspersed with some well-told anecdotes, and the general 
reader will find plenty to amuse him or her, as the case may be. 
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To the astronomer it is peculiarly instructive as a faithful record of 
the troubles which beset scientific expeditions, and of the skill, de- 
votion, and perseverance by which difficulties are conquered. If 
such accounts had been more frequently written we should probably 
hear of fewer failures from ^ unforeseen accidents" when astronomers 
start without due consideration of the troubles they may have to 
face. We trust that Mrs. Gill may accompany her husband on 
many another successful expedition, and may give us many another 
pleasant narrative, such as that which records her visit to Ascen- 
sion. 

The book is prefaced by an introduction by Mr. Gill, in which 
the Solar Parallax is treated in a more ceremonious manner than in 
the pages which follow. The writer gives a sketch of the history of 
the problem of determining the Sun's distance from the time of 
Aristarchus, when the Sun was supposed to be nineteen times as far 
as the Moon, to the late opposition of Mars, the observations of 
which show him to be nearly 390 times as distant, or some 93,000,000 
miles from us. The received value has gone through some curious 
vicissitudes in the interval. 

We must not omit to mention that an excellent map of Ascension, 
taken from the Admiralty chart, is prefixed to the book, and 
materially adds to its value. A striking feature in this chart is the 
mass of craters in the southern part of tiie island, which to an astro- 
nomer must suggest a comparison with the Moon's surface. During 
the ascent of Green Mountain Mrs. Gill counted iwenty-ane extinct 
craters spread out at her feet, and this in a small portion of an 
island which altogether is only seven miles in length and breadth. 
The whole island in former times was simply one great volcano, and 
is now a mass of Nature's cinders. 

Editor. 



Double Stars for January, 

In addition to the great binaries between 2^ and 4^ which have 
already been given, the following pairs, one of which has probably 
not been measured since 1857, may be observed with advantage to 
this department of astronomy. 

S 221. R.A. 2'* 3"*i, Dec. + 19'' 47'- Mag. 77, 89. 
1871-78 i44°-4 8"-79 Talniageu 
Probably binary. 

S 227. R.A. 2^ s~-4, Dec. +29° 45'. Mag. 5, 6-4. 

Colours^ yellow, blue. Probably binary. 

1877-07 76°7 3"-77 Hall. 
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S 32^* R.A. 2*» 48"*5, Dec. +26° 24'. Mag. 7-5, 97. 

1868-77 2i6°-8 8"-S9 OS. 
A physical pair. 

S 355- R-A. 3'' o"'9» Dec. +7° 56'. Mag. 87, 9-5. 
i8s7*ii i42'*-8 2"'65 Secchi. 
Probably binary. 

S 360. R.A. ^ 4»-s, Dec. +36^ 46'. Mag. 7-8, 8. 

1869-38 i39*''i i"*67 Dembowski. 
Probably binary. 

2 371. E.A. 3"* io»*4, Dec. +46*" 3S'- Mag. 83, 10-3. 
i867'4S 8i**7 3"'32 Dembowski. 

S 377. R.A. ^ i3»7, Dec. + 18' 45'- Mag. 83, 87. 

o %% 

A B 1868*90 1207 1*03 Dembowski. 

A B * 

and C i870'92 220*4 25*15 „ 

2 

A B probably binary. 

Joseph Gledhill. 



Meteor Notes for January. 

Morning observations may be made on the first three days, and 
continued after about the i6th. The period from the 12th to the 
23rd is suitable for evening watches. The Quadraniids (with a 
centre at 232'' +49^ Greg) form the chief shower of the month, 
and should be looked for on the mornings of the ist-3rd. They 
were well observed last vear by Prof. Herschel at Hawkhurst, 
Kent; for on Jan. 2, 4^-4^ 30"^ a.m., 20 shooting-stars were seen, 
of which 17, most of them brilliant, belonged to this stream, and 
showed a radiant (not very certainly deduced^ owing to prevailing 
haze, which hid many of the fainter stars) at 222^ +55° near 
6 Bootis. A shower of slow, large meteors from a point near y Eri- 
dani may be expected on about the 4th-7th, and there is a radiant 
at 110° +70^ (p q Camelopardi) that requires verification during 
this month. A new shower at 264° +36% near B Herculis, was 
suspected by Corder on the 27th, 1877, and an active display of 
slow, bright meteors was traced by the writer between the 4th and 
17th from a position at 295^ +53^- It is diflftcult to select from 
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the large number of radiants visible io January those which offer 
the most conspicuous displays, but it is believed the following posi- 
tions include several of them : — 

oo OO OO oo 

131 +48 17s +14 180 +56 208 +27 

201 4-54 221 +41 104 +53 M5 + 5 
180 4-35 230 +30 155 +64 104 +18 

Recent Observations. — At Bristol, during the three years 1876- 
78, the total number of meteors seen by the writer during habitual 
watches, extending in the aggregate over 429 hours, is 4513, of 
which 520 were August Persetds, Deducting the latter, and sepa- 
rating the A.M. and p.m. observations, the figures are : — 

1936 meteors seen in i6ii hours a.m. \ m^t^^^ ;« ^^ry fc/.„». 

20S7 „ „ 267} „ P.M. 1 3993 meteors in 429 hours. 

About five sixths of the whole were noted during the last half of 
the years mentioned, when, making certain allowances, the horary 
numbers were 16*4 a.m. and 10*1 p.m. for one observer* The rates 
fbr the first half are considerably less, but the observations are not 
sufliciently full for this period to give good results. Of the total 
number seen the paths of 3213 were registered. Their magnitudes 
were : — 

:>'isL i8t. 2nd. 3rd. 4th. 5th k less. Total. 

95 218 634 821 1003 442 3213 

The average length of path of 3203 of these was 11^*23. Schia- 
parelli found from 1951 paths recorded by Tupman, 1869-7 1, an 
average of 1 1^*0, while the mean apparent length of meteor-tracks 
assigned by Coulvier-Gravier is 13^*9. The longest path of all 
those recorded at Bristol was that of a 2nd mag. meteor on Dee. 
13* 1876, 7** 28" p.m., =122° Course from 135° +66"" to 334° 
+ 10^ ; radiant in Leo minor, on the north-east horizon. 

A fine meteor was seen on Nov. 18 last at 9^ 50"^ by Mr. Corder 
at Chelmsford, and by the writer at Bristol. At the former place 
it was rated = $ , and shot from 1 1° - 22° to 1 7** - 30"*. At Bristol 
the end-point only was seen from 47° — 26° to 50° —27 J** =s %. Prof. 
Herschel finds the radiant at 354^ -f z^ and the end-point exactly 
given by the two accounts, 271 miles distant (horizontally) from 
both Bristol and Chelmsford, at an altitude of Sj^^ (observed) at 
both places. Height 41 miles, and allowing 9 miles for earth's cur- 
vature, 50 miles above Saumur (near Tours), on the Loire. The 
Chelmsford beginning-point, adopting the projected radiant for the 
trace's direction (from alt. 33°, 38° W. from S.) or descending 
slope to this point of disappearance, is 328 miles (horizontal) dis* 
tance from Chelmsford, height 83 miles, or (allowmg 13 miles for 
earth's curvature) 96 miles over La Rochelle, on the French coast, 
at the mouth of Charente. Length of real sloping path 77 miles. 
The radiant-poiut appears to be the same as that of a shower of 
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slow, bright meteors, slightly traced at Bristol on Dec. 1-2, 1877, 
at 350° +2^ inclading a fireball with a path from 334° — ii*' to 
322^ -i8i^ 

Observations for the Andromedes appear to have been attended 
with purely negative results. Prof. Herschel» at Newcastle-on- 
Tyne, saw none of them during a watch of 20 minutes on fine 
evenings of Nov. 23rd-28th« The 29th-3ist were cloudy. At 
Bristol, Chelmsford, Debenham, Crediton, &c. the sky was also 
overcast on the 27th and 28th, and no meteors could be seen. On 
the evening of the 26th, at Bristol, there were breaks in the clouds, 
but no sign of any display. On the 29th, at Chelmsford, Mr. Cor- 
der observed 17 meteors between 5.30 and 9.30, of which 6 were 
Andromedes, including two of the zst mag. near the radiant, which 
appeared to be about 23^ +44°« He noted about 20 Taurids, 
mostly small, in November, and a ist mag. Leonid ; but these were 
the only meteors of importance. 

Very few, if any, Geminids have been seen this year, for at the 
period of their annual return, moonlit or cloudy skies (with intensely 
cold weather) efiectualiy prevented watching. 

W. F. Denning. 



CORRESPONDENCE. 
To the Editor of * The Observatory: 

Markings on Jupiter, 

Sir,— 

I have carefully watched the astronomical journals to see if 
any thing unusual was noted by European or American astrono- 
mers in the behaviour of Jupiter's belts between the dates of July 6- 
15. Having seen nothing, I venture to mention some phenomena 
I saw myself^ and to send you a rude drawing to represent them at 
one stage of their progress. 

The appearance of globules and transient spots in the belts of 
Jupiter is so common that it has ceased to excite interest ; but on 
July 6 I noticed two bright spots, so conspicuous and well-defined 
that they might easily have been taken for satellites in transit I 
made the following note of them in my observing-book : — ^'1878, 
July 6, 1 1^ Gl.M.T. Jupiter presents a splendid appearance. Two 
very distinct and remarkably round and bright spots seen on the 
inner edge of the broad southern equatoreal belt, about one fourth 
the planet's diameter distant from each other. The centre of the 
planet is between them, the middle space between the spots nearer 
by a little to the preceding side. They are nearly of equal size, and 
entirely similar in appearance.** Though this note was made, I 
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should probably have thought no more of the matter but for subee- 
quent phenomena. On July 9 Jupiter was again examined from 
1 1^ to 1 2^ 5"^ GLM.T. I was surprised at the extraordinary changes 
which had occurred both.in the spots themselves and in the conti- 
guous parts of the belts. Two spots still showed, but much enlarged 
and with irregular outline. Their position, moreover, was very diffe- 
rent from the position noted on July 6. The place of one was a little 
west of the most easterly spot seen on July 6, and near the inner edge 
of the northern eqnatoreal belt ; but the other had changed to south 
side of the southern equatoreal belt, and far eastward, and seemed to 
be rapidly breaking up. What was more remarkable was a total change 
in the whole structure of the belts in that vicinltv, and the forma- 
tion of an elliptic cloud-like mass, separate from the general contour 




of the belts. This cloud was almost a perfect oval in shape, and 
was preeminently rose-tinted. But the most remarkable phase of 
all was the rapid proper motion of this 'Mliptical cloud." I watched 
it for nearly one hour, and in that time its front moved on the disk 
of the planet about one fourth of the planet's diameter. It passed 
by the most easteriy of the spots, and its front had reached to the 
most westerly spot, and was passing it at 12^ 5™ GLM.T. At this 
time exhaustion from previous work and premonitions of neuralgia 
compelled me most reluctantly to abandon the observations, "nie 
drawing shows the phase inverted, and was made at the time by my 
son, a youth of fifteen years. While it is rough it is rigidlv true to 
phenomena. It represents the phase at 12^ 18" Gl.M.T., corre^ 
spending to about 18^ 36"^ G.M.T. The black dot shows the 
shadow of Sat. II., which was visible part of the time, but passed 
off at 11^ 7^. Aperture i2| inches, focal length t; fee^ power 275. 
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July lOy lo*^ GLM.T. An examination of Jupiter Bhowed no trace 
of the two Bpotfl nor of the *' elliptical cloud/' 

July 15, 10^ G1.M.T. The belts of Jupiter showed a number of 
round spots, particularly south of the equator. The small disks so 
numerous and close together as to give the appearance of a curdled 
mass. One large and prominent spot directly between the north- 
ern and southern equatoreal belts. 

I am, Sir, yours truly, 
Morrison Obaerratory, C. W. Pritchbtt. 

KoTember 1878. 

P.S. On October 5, at 10* 32" Gl.M.T., the shadow of Sat. III. 
of Jupiter was seen projected on the disk as an ellipse whose major 
axis was 2% times its minor. If this effect is due to the oblique 
direction of the axis of the shadow to the surface, why does it not 
show more frequently ? I have often observed these transits, but 
never before noted such a projection. 

Transparency of the Atmosphere at High Altitudes. 
Sir,— 

In the paper of Mr. Penrose on the solar eclipse, in the 
October Number, he speaks of '' the uncommon brilliancy of the 
stars " in the atmosphere of Colorado, and says they were ** visible 
on all sides down to the horizon, while the Milky Way seemed abso- 
lutely clotted with light." This remark recalled to me most vividly 
one of the most pleasant of all my experiences connected with the 
recent eclipse, observed on the elevated plains of the West It was 
the night of July 30, our last night at Las Animas. The work on 
the eclipse was done, the tents had been despoiled, and the instru- 
ments packed. The day, like the 29th, had been one of the clearest, 
even in that high region ; and the night was one the like of which 
one may seldom see. For some time I enjoyed it alone ; but the 
views were so surpassingly grand and beautiful that (weary as I knew 
he was) at last I called out Prof. Eastman; then Dr. Schuster came 
out, and afUrward others, until almost the entire party felt a kindred 
enthusiasm as they gazed up and around on those starry depths. 
The Milky Way crossed the meridian near our zenith, and from a 
point north-east of the Swan, down the grand slope of the south- 
western sky, there was ** a marshalling of the heavenly hosts " on a 
scale of magnificence and of exhaustless riches which we can never 
forget The two contiguous branches of the Milky Way, as Prof. 
Eastman suggested, resembled distant parallel chains of hUls covered 
with purest snow, while between ran a dark broad belt, like a great 
winding river flowing on in silent beauty between its snow-crowned 
cliflk. The analogy was a striking one, and I shall ever carry that 
picture in my mind. One peculiarity I noted then which had es- 
caped me before. It was the numerous alternations of bright and 
dark patches in the galaxy. In place of the continuous misty light 
which alone arrests the attention in an ordinary atmosphere, the 
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*<Via Lactea" was broken up into a very dirersified succession of 
bright ridges and star-decked regions, and of void spaces approach- 
ing to blaeknew in the contrast. I was surprised at the number of 
these dark spaces, and the contrast between them and the conti- 
guous bright regions was not unlike that between the bright region 
surrounding B Orionb and the dark void east and north-east of it, 
as seen in the telescope. Two of these dark spaces were preemi- 
nently noteworthy. One is just a little north-east of a Cygni, and 
the other in Sagittarius, east of a Scorpii. The shape of this last is 
very peculiar, having the appearance of a hilted dagger with the 
point turned towards Antares. Many of these dark spaces I can 
now recognize on good nights in our Missouri atmosph^e. I hap- 
pened to remember the remarks of your correspondents concerning 
the visibility of X Ursae Minoris ('Observatory' for February and 
April). We all looked for the "test-object" to natural vision. It 
was so eoiify seen by every one as to occasion surprise that it should 
ever be otherwise. At last Mr. Paul, of the Naval Observatory, 
surprised the company by announcing that he distinctly saw one of 
Jupiter's satellites. Several others testified with equal positiveness, 
and uniformly agreed in its position. An opera-glass was brought 
out, and the satellite was seen in the assigned position. Having 
used a 3^- inch telescope on several nights while in Colorado in 
examining planets, double stars, clusters, and nebulae, I am quite 
confirmed in the conclusion of Dr. Henry Draper (Amer. Journ. 
Sci.) that the steadiness of the images is not at all improved at those 
high altitudes. While much more may be seen, both in the tele- 
scope and by the unaided eye, the quivering or vibration of the 
images, which is so troublesome in all micrometric measures, is not 
at all relieved. 

I am. Sir, yours truly, 
Morrison Observatory, 0. W. Pritchett. 

November 1878. 



The Sun^s Corona and Meteor- Streams. 

Sir,— 

With reference to Mr. Schuster's article in your last number, 
I cannot quite reconcile two points therein. But before proceeding, 
I would observe that I write this note more as an inquiry than as a 
criticism on Mr. Schuster; for I am not sufficiently conversant with 
the various considerations connected with the subject to venture on 
the latter. 

If I understand aright the quotations from Dr. Draper and Prof. 
Young which Mr. Schuster gives us, the photographs and observa- 
tions of the spectrum of the corona in the last solar eclipse tended 
to show not only that the corona consisted on this occasion more of 
solid or liquid bodies than of gaseous matter, but also that there 
were many more solid or liquid bodies in the corona on this occasion 
than at the times of preceding eclipses — that is, in 1869, 1870, and 
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187 1. Now it 18 this latter point which I cannot quite make fit with 
Mr. Schuster's speculation on the cause of Sun-spots. This 
speculation — the meteoric theory of the cause of the spots — would 
of course require the presence" near the Sun of a much larger 
number of meteors at a maximum period of spots than at a minimum 
period. Now the years 1869, 1870, and 187 1 were near a maxi- 
mum period, and 1878 was a minimum one; yet we have, accord- 
ing to the spectrum observations, a smaller number of meteors 
surrounding the Sun in 1869, 1870, and 1871, than in 1878. The 
question simply is, Have I grounds for supposing that these observa- 
tions indicate a larger number of meteors near the Sun at the last 
eclipse than' at the former ones? If I have, then I do not very 
well see how the meteoric theory is to be sustained. 

I am. Sir, 

Yours faithfully, 
Bathfem, RajnerB Road, James L. M^Cancb. 

Putney Mill, S.W. 

1878, i>eoember 16. 

The Eclipses of Jupiter^s Second Satellite. 
Sir,— 

When the planet Jupiter is near quadrature with the Sun it 
occasionally happens that both the disappearance and the reappear- 
ance of the second satellite in the same eclipse are visible from the 
Earth. Both phases are, however, so seldom seen in the same 
eclipse, that Sir John Herschel, in his * Outlines of Astronomy/ 
4th ed., 1 85 1, writes thus: — "It is to be observed that, owing to 
the proximity of the orbits of the first and second satellites to the 
planet, both the immersion and emersion of either of them can 
never be observed in any single eclipse, the immersion being con- 
cealed by the body if the planet be past its opposition, the emer- 
sion if not yet arrived at it" Other astronomers have inadver- 
tently made the same remark without any qualification. The 
* Nautical Almanac,' however, truly remarks that it is seldom both 
phenomena can be observed at the same eclipse of the second 
satellite. Out of curiosity I have examined all the numerous 
records of eclipses of the second satellite in the pages of the Royal 
Astronomical Society's * Monthly Notices ' and the * Astronomische 
Nachrichten,' from the close of i860 to the middle of the current 
year. The result of my examination is that three eclipses only have 
been observed in both phases during that period. 'The first was 
observed at the Lawrence Observatory, U.S.A., on 1875, June 28, 
the second at Windsor, New South Wales, on 1875, July 20, and 
the third at Adelaide, South Australia, and Windsor, New South 
Wales, on 1876, August 21. 

I am. Sir, yours faithfully, 
Oheerratory, Windsor, JOHN Tebbutt. 

New South Wales, 

1878, Oct 23. 
VOL. II. 2 
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NOTES. 

Metropolitan Scientific Association. — We have received 
the following Report The twelfth session was commenced on 
October 22nd at the Society's rooms, Ward Schools, Aldersgate 
Street, E.G., when the President, Mr. Charles Judd, F.R.A.S., de- 
livered the usual introductory Address to an appreciative audience. 
Mr. Judd commenced with a review of the intellectual system of 
Cpmte in relation to Astronomy, and his remark on the necessary 
limitations of our knowledge of the stars: — "We can conceive the 
possibility of determining their form, distance, size, and movement, 
but should never by any method be able to study their nature, 
chemical composition, and structure." The patient investigation 
of a few years, however, had enabled observers to solve a problem 
which Comte had declared insoluble. These observations led the 
speaker to the subject of Light, and an eloquent exposition was 
given of the progress made from the earliest to the most recent 
times, including the great discoveries by Fraunhofer, Kirchhoff, 
Lockyer, and Huggins. At the close of the Address a cordial vote 
of thanks was passed, and the meeting adjourned till November 26th. 
The Metrop. Sci. Assoc, is now permanently located in the city, and 
numbers amongst its members many gentlemen connected with as- 
tronomical science ; and papers on this subject are frequently given 
at the monthly meetings. 

The Figure of the Earth*. — The re-measurement of the 
southern portion of the great Indian arc under Colonel Walker's 
superintendence and its extension to a length of 24^ have furnished 
Colonel Clarke with data for a fresh determination of the figure of 
the Earth. He commences by remarking that the fraction which 
expresses the ellipticity of the Earth has apparently a tendency to 
increase as the data are added to. Thus Airy and bessei, from the 
very imperfect data of forty years back, obtained -^^ which, on the 
completion of the Russian and English arcs in 1858, was replaced 
by 7^ and the recent geodetic work in India a further increase of 
the fraction, and so an assimilation to that obtained by pendulum 
observations. 

The data on which Colonel Clarke founds his investigation are : — 
(i) the latitudes of 13 stations in the Russian arc of 25^ ; (2) those 
of 15 in the Anglo-French arc of 22° (selected out of 34 English 
stations, besides the French); (3) those of 14 evenly distributed 
stations in the Indian arc of 24° ; (4) the longitudes of 7 stations in 
India; and (5) the Cape of Good Hope and Peruvian arc— in all 
49 latitude and 7 longitude stations. Treating the equations by the 
method of least squares, he deduces : — 

0=20926202; c= 20854895 ; gg, ^9^*4 5 

a 293-405 
* PbU. Mag. 1878, Aag\i0t 
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a and c being the equatorial and polar semiaxes (in feet) of the 
spheroid which most nearly represents the mean figure of the Earth. 
The influence of each of the three great arcs in determining these 
semiaxes is as follows : — The northern ten degrees from 6qP to 70^ 
of the Russian arc determine \a-^\e ; the ten degrees in England 
from 50° to 60° determine a ; the ten degrees in France from 40° 
to 50^ determine ia-^^Lc ; the ten degrees in India from 10° to 20^ 
determine — J^a-f ^c. 

With regard to the Indian observations, Col. Clarke remarks that 
they are not well represented by this figure. *' The southern 
station of the arc requires a large negative correction of —3"' 14, 
and the northern station a still larger negative correction of — 3"'55. 
Among the longitude stations, there is left at Bombay a westerly 
deflexion of 4"*o5> and at Madras an easterly deflexion of 4"'5o. 
The longitudes, in fact> require a larger value of a and a larger 
value of the ellipticity ; while the form of the meridian-arc requires 
a smaller equatoreal radius and a smaller ellipticity. In other 
words, so far as the observations we have at present to consider 
indicate, the surface of India does Hot seem to belong to a spheroid 
of revolution : if it does, we must admit large deflexions towards 
the sea at Cape Comorin, at Bombay, and at Madras." Col. Clarke 
then proceeds to find the form of the Indian arc from the 66 latitude 
stations on the assumption that its intrinsic equation is of the form 

p=A' + 2B'co8 2^-h2C' cos 40, 

where p is radius of curvature in latitude 0. This curve includes 
the ellipse as a particular case. The normal distance between the 
curve thus found and the elliptic meridian which best represents 
the Earth as a whole is then tabulated, and Col. Clarke arrives at 
the following results for the local form of the meridian sea-level in 
India with reference to the mean figure of the Earth : — '* Supposing 
that there is no disturbance of the sea-level at Cape Comorin, then 
from that point northwards a depression sets in, attaining a maxi- 
mum of nearly 20 feet at about 14° latitude; thence it diminishes, 
disappearing at about 21^. An elevation then commences, attaining 
at 26° about 9 feet ; then this elevation diminishes, and becomes a 
small depression at 32^ This deformation may or may not be due 
to Himalayan attraction ; at any rate we have here an indication 
that that vast tableland does not produce the disturbance that might 
d priori have been anticipated. This is in accordance with the 
fact that there is an attraction seaward at Mangalore and Madras, 
and slightly also at Bombay : and I think we have here a corrobo- 
ration of Archdeacon Pratt's theory, that where the crust of the 
Earth i>i thickest there it is least dense ; and where thinnest, as in 
ocean-beds, there it is most dense.'* 

The Anglo-French arc shows a deformation nearly as great as 
the Indian. Starting with an elevation of 8 feet in lat. 40^ the 
elevation increases to 19 feet in lat. 45°, and then gradually dimi- 
nishes, disappearing about 55% from which point up to 60° there is a 

z2 
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small depression. The Russian arc shows a small depression of some 
4 feet in the lower latitudes (48® to 60% and an elevation increasing 
up to 4 feet in lat. 70°. 

If, instead of assuming the Earth to be a spheroid, it be taken as 
an ellipsoid, the followiug are the values of the semiaxes (in feet) 
found by Col. Clarke from 51 equations : — 

a=20926629; 5=20925105; i;=2o854477; 

and taking the *' ellipticity " as the ratio of the difference of the 
semiaxes to half their sum, the ellipticities of the two principal me- 
ridians are - "— and — ^. 

28954 09577 

The greater axis ot the equator is in longitude 8^ 1 5' west of 
Greenwich in a meridian passing through Ireland and Portugal and 
in the opposite hemisphere cutting off the north-eastern corner of 
Asia and passing through the southern island of New Zealand. The 
meridian containing the smaller diameter of the equator passes 
through Ceylon on one side and bisects North America on the other. 
This position of the axis agrees very remarkably with the physical 
features of the globe — the distribution of land and water on its 
surface. The ellipsoidal theory represents the Indian longitudes 
better than the spheroid ; but there is still left at Madras and Man- 
galore an attraction or disturbance of the plumb-line seawards. In 
his former investigation (Mem. R.A.S. vol. xxix. i860) Col. Clarke 
found for the values of the semiaxes (in feet) : — 

a=520926432 ; 5=20921548 ; 0=20853898 ; 

the longer axis of the equator being in long. 14® 23' East of Green- 
wich. 



The Solar Eclipse of 1875, April 6*. — This eclipse was re- 
markable for the attempt which was made to photograph the 
spectrum of the corona ; and the important results thus obtained 
are now presented in a Report by Mr. Lockyer and Dr. Schuster. 
Two modes of attack were adopted, viz., the prismatic camera 
and the spectroscopic camera. The former was on the principle 
introduced by Prof. Respighi for viewing star-spectra, and used by 
him as well as by Mr. Lockyer with effect in the eclipse of 187 1. 
In Prof. Respighi s instrument a prism of small angle was placed in 
front of the object-glass of his telescope, an arrangement which, 
for every bright line in the spectrum of the corona, exhibits a cor- 
responding image. In this way, during the eclipse of 187 1, Prof. 
Respighi saw rings representing the spectroscopic images of the 
hydrogen and ^< 1474 stuff" in the corona, these rings being 5' or 
6 in breadth. Mr. Lockyer used a simple train of five prisms 
without collimator or telescope, and saw similar rings, but not more 
than 2' in breadth, a circumstance accounted for by the greater 

* Phil. Trans., Part i. 1878. 
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dispersion and consequent greater lo^s of light. The prismatic 
camera used in Siam had an object-glass of 3} inches aper- 
ture and 5 feet focal length, with a prism of 8° placed in front. 
Two photographs were taken with it during totality, the first 
exposed for i™ and the second for 2". On both photographs, 
three prismatic images of the prominences are shown. The first 
of these is at the limit of the photographic spectrum, and evi- 
dently corresponds to the hydrogen line F. The second is at an 
angular distance of 3' 15" from it, and is presumably due to the 
h3'drogen line near G (H^), which, by means of a goniometer, was 
found to be 3' from F for the prism used. The approximate wave- 
length of the third and by far the brightest of the images was 
found to be 3957, t. e. close to H. The results of the recent eclipse 
leave no doubt that it is actually the H line, and that the photo- 
graphic light of the prominences is in great part due to calcium, 
which seems to go up higher than hydrogen. 

It is, however, in the spectrum of the corona that the chief in- 
terest centres. The lower part of the corona shows a single well- 
defined edge (the spectroscopic image of the Moon's limb) passing 
through the second ring of prominences, and therefore probably due 
to Hy. The upper part of the corona shows a single image, corre- 
sponding in outline to the photograph taken without the prism, and 
the monochromatic light forming it appears also to be due to the 
hydrogen line Hy. In addition to this line spectrum the photographs 
show strong marks of a continuous spectrum in the lower regions of 
the corona. By examining the inner limits on both sides of the 
moon, it is found that this continuous spectrum extends from F to 
wave-length 3530 and beyond, in the ultra-violet, and by the help 
of the structure in the corona itself it appears that the continuous 
spectrum reaches to at least 3' from the Sun. These are important 
results, and some exercise of skill and patience must have been re- 
quired to unravel them from the entangled record on ^ the photo- 
graphs. 

The spectroscopic camera, consisting of a telescope and ordinary 
spectroscope, unfortunately failed, presumably through the fault of 
its collimator, which was too long to admit of adjustment to focus. 
Various accidents of the voyage caused unforeseen delays, and thus 
no time was left on the arrival of the Expedition to remedy this fatal 
oversight. 

Eight photographs of the corona with exposures of from 2' to 
16* were taken with a small camera of 13 inches focal length, and 
these show a rapid increase in the extent of the corona with increase 
in the exposure. The last photograph having been exposed 16% 
shows an extent of corona exceeding the diameter of the Sun. 

There are also a num1>er of drawings of the corona made by the 
King of Siam and members of his court, from which it seems that 
there was a great similarity in the corona as observed in Siam in 
1875 ^^^ ill South Africa in 1874. The corona was on both 
occasions symmetrical about the Sun's axis, and the west side was 
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much more compact, the east side being broken up into what the 
Siamese called fish-tails. It is unfortunate that no orienting lines 
are given either to the drawings or photographs, so that it is by no 
means easy to tell which is the east side and which is the west. A 
remarkable rift is mentioned by the authors as being shown towards 
th^ south in Mr. Shore's drawing and in all the photographs, in- 
cluding those with the prismatic camera ; but there is no means of 
identifying it» no indication being given of which is north and 
which south. 

As regards the brightness of the corona, the inhabitants of Bang- 
kok, who witnessed both the eclipse of 1868 and that of 1875, are 
unanimous as to the much greater brightness of the corona in 1875, 
some of them even &«serting that the last eclipse was not total. The 
light in the former eclipse was much softer and pleasant to look at. 
In the last one it was quite as intense as a bright full moon. The 
characteristic feature of the eclipse of 1868 was formed by the 
prominences, and the corona fell more into the background, being 
much more irregular and less well-defined. In 1875 the prominences 
could be seen with the naked eye i}y only a few, and the corona 
surrounded the moon like a regular and well-defined star. Some 
observers note that one prominence in 1875 was of a dazzling white 
and stood out bright from the background, while the others 
appeared red and dark on a bright ground. The prismatic pho- 
tographs show that this prominence contained a great quantity of 
the ultra-violet light (due to calcium). 



Mr. R.C.Johnson's Observatory at Bebington. — In a paper 
read before the Literary and Philosophical Society of Liverpool, 
Mr. R. C. Johnson gives a description of an observatory he has 
lately erected for a nine-inch reflector. The novelty in this building 
is in the arrangement of the shutters in the revolving drum. They 
are of large size (3I feet wide for a dome of 13^ feet diameter) so 
astosecure a rapid equalization of internal and external temperatures, 
a point of great importance for the satisfactory performance of a 
reflector ; and in order not unduly to weaken the drum, Mr. John- 
son has placed the vertical shutter not in a line with the horizontal 
one, but at a point 30° from it. In order to cover fully every part 
of the sky there is a Aubsidiary shutter 2 feet in depth opening on 
hinges below the horizontal one. A theoretical inconvenience in 
this arrangement is that if an object varies in altitude so that a 
change has to be made from one shutter to the other, the dome 
has to be turned through the 30° which separates the two shutter- 
openings; but Mr. Johnson states that in practice this seldom occurs, 
while after a year's constant use the frame-work continues quite 
unaltered, and none of the shutters have at any time exhibited any 
signs of flexure. 
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The Mean Parallax op Stars of First Magnitude*. — 
In a report to the ' Astronomische Gesellscbaft ' Prof. Gyld^n gives 
the retiuits of a provisioDal discussion on the average parallax of a 
first-magnitude star. He remarks that the apparent proper motion 
as well as the magnitude must be taken into account, the former 
being quite as trustworthy a criterion of a measurable parallax as 
the apparent brightness, and assumes that the parallax /> of a star 
of nth mag. with apparent motion 9 may be represented by the 

formula p=P— ^r > where a, is the mean apparent motion of a star 

of itth mag. and M^ its relative distance estimated according to its 
brightness. P is a constant which for M^= i represents the mean 
parallax of a first-magnitude star. 

The following table gives the magnitude, parallax, and proper 
motion for sixteen stars, on which Prof. Gyld6n has based his in- 
vestigation : — 

Mag. p. a, 

a Centauri i o'qoo 3*074 

61 Cygni 5 0-511 5-221 

Lalande 21185 7 0*501 4734 

Groombr. 34 8 0*307 2*801 

Lalande 21258 8*5 0*260 4'403 

Oeltz. Arg. 17415. 9*5 0*247 1*200 

9 Draconis 5 0*222 1*925 

Sirius I 0*193 i'252 

70 Ophiuchi 4 0*162 i*io8 

aLyroB i 0*153 0*349 

Groombr. 1830 7 0*147 7*053 

1 Ursse Maj 3 0*133 0*525 

a Bodtis • I 0*127 2*258 

7 Draconis 2 0*092 0*063 

a Aurigae i 0*046 0*438 

a Ursffi Mia 2 0*046 0*045 

Each star gives an equation from which P, the mean parallax of 
a first- magnitude star, can be determined. Giving equal weight to 
each one of the 16 equations, P== 0^*048. If, on the other hand, 
several normal equations be formed by taking the simple mean of 
various groups of the 16 equations, and the sum be taken, 
P=o"*o62. But this result is greatly influenced by a few ist mag. 
stars with large proper motion : omitting therefore a Centauri, 
a Bootis, and Sirius, the remaining 13 stars give P=o"'o86. If 
all ist mag. stars be omitted, we have P = o"*o83 from 11 out of 
these 13 stars. On the other hand by omitting all stars with proper 
motion exceeding 2 ", Prof. Gyld6n obtains P=o"*o84 ^^om the 
remaining 9. 

* Yierteljahrsachrift der Astron. QoBellfloh. 
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The near agreement of the two values in which the extreme 
cases of brightness and motion respectively have been avoided, gives, 
in Prof. Gyld6n's opinion, some support for the view that the re- 
lation beween parallax^ apparent motion, and apparent brightness, 
expressed by the above formula, may be taken as an approximation 
to the truth. 

Prof. Gyld6n points out, in conclusion, that Prof. C. A. F. Peters 
found for the mean parallax of a ist mag. star o"-io2+o"*o269 
from W. Struve's observations with the Dorpat transit 



An accurate Method of determining Ratio of Disper- 
sions FOR Objectives* — For the construction of an achromatic 
object-glass it is necessary that the focal lengths of the crown and 
flint should be in the ratio of their dispersive powers, and the de- 
termination of this ratio with the requisite degree of accuracy has 
hitherto been a matter of some practical difficulty. In the usual 
process three constants have to be determined, viz. the refractive 
indices for three lines in the spectrum, whereas only one constant is 
really required, viz. the ratio of the dispersions at the brightest 
part of the spectrum, a condition which Prof, Stokes has shown, in 
the 'Report of the British Association for 1855/ ^^^^ ^^ practice 
give the best results. Under these circumstances Prof. Stokes now 
describes a method depending on the achromatizing of one prism 
by another, to which he was led in the course of his examination of 
a variety of glasses which were too much striated to show any of 
the dark lines of the spectrum. The secondary tints, which change 
with extreme rapidity when the refracting-angle or the position in 
azimuth of one of the mutually achromatizing prisms is altered, 
afford a delicate test, the best result for achromatism being 
obtained when the secondary colour is a yellowish green. la 
practice Prof. Stokes finds it most convenient to make the prisms to 
be compared achromatize successively one and the same prism 
chosen arbitrarily. In his arrangement a wide slit is placed at the 
principal focus of a collimatiug lens and viewed through the standard 
prism and one of the pair to be compared by means of a telescope. 
The second prism placed at the centre of a graduated circle is thea 
turned in azimuth till the secondary colour at one edge of the slit is 
intermediate between yellow and green. The angle of incidence of 
the rays for this azimuth may be easily determined by reading off 
the angle between the reflected ray and the incident ray by the help 
of a small telescope attached to the verniers of the circle, the slit being 
illuminated with the sodium flame, which nearly corresponds in re- 
frangibility to the brightest part of the spectrum. Prof. Stokes also 
gives another method depending on the determination of the two 
azimuths (one on each side of the position of minimum deviation) 
which give equal deviations. 



* Proc Boy. Soc., No, 188, 1878. 



Digitized by 



Google 



1879.] Notes. 819 

The Origin of Comets*. — Prof. H. A. Newton has made a 
careful discussion of the distribution of cometary orbits, and the 
manner in which that distribution may have been modified by the 
disturbing influence of Jupiter, with the view of deciding whether 
comets were formed from the condensing solar nebula, or were made 
from the matter scattered through the stellar spaces. The former 
hypothesis was put forward by Kant, whilst Laplace originated the 
latter. Even on Kant's theory the origin must have been remote 
from the Sun, since comets pass to a great distance from the Sun, 
in orbits not sensibly differing from parabolas. 

Prof. Newton begins by pointing out that a comet to be visible 
to us must in general come nearer the Sun than the planet Mars. 
Thus, if we consider a large number of comets shot from a distant 
point A, and draw a circle through the Sun (S) in a plane perpen- 
dicular to AS and with radius twice that of the orbit of Mars, we 
may look upon this circle as a target, and only those comets which 
hit it will be visible to us, since their perihelion distance (being half 
the distance from S at which they strike the target) will be less than 
the distance of Mars. The initial velocities perpendicular to A S 
must have been, in the case of such comets, very small as compared 
with the parabolic velocity. Thus if the masses were parts of the 
original solar nebula, their normal motion should be in circles ; but 
for some reason they never had much motion perpendicular to A S, 
or else have lost most of it. The small residuals left by larger 
opposing velocities might as easily take any direction whatever 
normal to A S, from which Prof. Newton draws the conclusion that 
the distribution of the inclinations of the orbits through the two 
right angles should be uniform. This is on the supposition that 
A S is large as compared with the imaginary target, and would not 
apply if the comets came, for example, from the region between 
Mars and Jupiter. If, however, they came from the distant parts 
of the solar nebula, the inclinations of the orbits should have been 
originally distributed uniformly, and the aphelia of their orbits 
being the points of origin, should all have been near the ecliptic. 
But if comets are made from the matter of the stellar spaces, only 
those whose motions are very nearly equal to the Sun's motion can 
come within sight of the earth. The small residuals that represent 
the relative motions must therefore, by reason of their small ness, be 
nearly independent of original absolute motions, and hence the 
points of origin should be equally distributed over the heavens. 
Also the poles of the planes of the orbits will be uniformly distri- 
buted for any direction of the line A S ; and since the latter direc- 
tions are uniformly distributed, the poles also will be uniformly 
distributed over the heavens. The inclination of any orbit to the 
ecliptic will be the distance of its pole from the pole of the ecliptic. 
Dividing the celestial sphere into zones io° wide by parallels of 
latitude, the numbers of the orbits whose inclinations are included 

* Amer. Joum., 1878, Sopt. 
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in the successive decades of degrees will be as the areas of the 
zones, ue. as the sines of 5^ io% 15°, &c. Thus Prof. Newton 
concludes that if the comets come from the stellar spaces, their 
original orbits should have been so distributed that the numbers of 
orbits whose inclinations to the ecliptic fall in the successive degrees 
from o^ to 180° should have been proportional to the sines of in- 
clinations. The distribution of aphelia would have been uniform 
over the heavens, hence their relative frequency at different lati- 
tudes would have been as the cosines of the latitudes. The present 
distribution o^ aphelia very nearly follows this law, but this in itself 
is not critical between the two hypotheses. For progression of the 
line of apsides resulting from pertubations would in time distribute 
the aphelia pretty uniformly over the heavens, if either hypothesis 
be true* One conclusion is drawn from this by Prof. Newton, 
viz. : — that if Kant's hypothesis be true, the period of past time since 
the comets were aggregated and made to describe these long orbits 
has been a very great one, and the process of disintegration of 
comets is a very slow one. These facts, so far as they have force, 
favour the foreign origin of comets. 

Prof. Newton has tabulated the inclinations of all known orbits 
and the results are exhibited in the diagram. The abscissae represent 
inclinations from o^ to 90° and the ordinates their relative frequency. 
The regular curve is the curve of sines, which would be the distri- 
bution on Laplace's hypothesis, and the straight line A B that on 
Kant's. The upper irregular curve shows the actual distribution of 
inclinations, and the lower irregular curve that when the periodic 
cometa (13 in number) are excluded. Instead of following the 




usual method of dividing the 180^ into suitable divisions, and 
counting the number of comets in each division, Prof. Newton has, 
in forming these curves, made use of another method, which he 
believes to be well adapted to many similar discussions. Each 
orbit is represented by the area of a probability curve y = oe"*' ** 
of suitable parameter, and hsso'z, which makes the average re- 
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moval of the area from the central ordinate less than 3^. The area 
for one orbit at an Inclination of 90^ is represented at the bottom 
of the figure. A similar area is assigned to each one of the 247 
orbits, and is supposed to be placed centrally on the ordinate cor- 
responding to its inclination. The total ordinate for any abscissa 
is the sum of the corresponding ordinates of these several small 
areas. 

The smaller irregularities of the curve may be considered to be 
due to chance; but there are certain large differences between the 
fact and each hypothesist which show either systematic action of 
perturbations, or else that neither hypothesis as stated is exclusively 
true. Prof. Newton has not been able to establish the action of 
any principle of selection — any cause which would make it easier 
to discover comets of small inclination or of direct motion — and he 
therefore considers the possible effect of perturbations. From an 
investigation of these in various cases of approach to a planet, he 
concludes that when a comet loses velocity by such an approach, 
the inclination of the orbit is in general increased. Now if comets 
are from stellar space, they come towards the planets at first a trifle 
faster than if moving in a parabola, and if one of them pass in front 
of a large planet within a moderate distance of it, it loses velocity 
enough to remain a permanent member of our system. Most 
observed comets have on this hypothesis thus lost velocity, and 
would therefore have their inclinations increased. This is particu- 
larly true for inclinations between 45° and 135^ for the corresponding 
comets are more likely to pass directly across in front of the planets. 
Hence, on Laplace's hypothesis, perturbations would increase the 
ordinates between 90° and 135° at the expense of those between 
45° and 90°. Again, the periodic comets form a marked group, 
and should probably be treated separately; and further it is, accord- 
ing to Prof. Newton, reasonable to suppose that a large part of the 
area lying below the lower curve is due also to comets of short 
period. For of the 26 comets with inclinations less than 20°, 9 are 
noted as periodic, 7 have elliptic orbits mostly of short period, 
though they have not been certainly detected at any return, and of 
the other 10 about half were not well enough observed to enable 
us to say whether their periods were short or long. 

On correcting the curve by striking off the surplus area below 
20°, and bringing back some of the area from the second into the 
fii-st quadrant to allow for the effect of perturbations, the result 
corresponds well with the law of sines ; and Prof. Newton concludes 
that the curve of fact does agree well with the hypothesis of Laplace 
if reasonable allowance be made for known perturbations and for 
the comets of short period. Further, it appears that the curve of 
fact cannot be made to agree with Kant's hypothesis by simple and 
reasonable allowance for perturbations. 

The group of comets of short period may, for aught that appears 
in this discussion, have come either from material of the solar 
nebula or from outside. In the former case these comets would 
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be merely asteroids gone astray ; in the latter there is a reason for 
their direct motion in the fact that only comets leaving the neigh- 
bourhood of Jupiter's orbit with a small velocity can move in these 
short periods, and only comets overtaking Jupiter can have their 
velocities so much diminished in a single approach to the planet. 
It is to be considered, however, that a comet leaving the neighbour- 
hood of a large planet has a peculiar tendency to come under its 
influence at subsequent revolutions, and a slower velocity of 
approach changes much the problem at the second passage near the 
planet. 

How the comets first became solid is a question which Prof. 
Newton leaves to the mineralogist and physicist. That they are 
solid is, he considers, evident from the fragments broken off them, 
t. e, the meteorites and meteoroids. 



The B line in the Solar Spectrum*. — Prof. Piazzi Smyth 
has examined this striking band under favourable circumstances in 
the spectrum of a high Sun at Lisbon, and has made a careful map 
of its constituent lines. From this it appears that the published 
representations of the group are very inadequate, though an excep- 
tion is to be made in favour of Angstrom's normal solar spectrum. 
Prof. Piazzi Smyth, with prism-dispersions of 28° to 50° (A to H), 
and a magnifying-power of 20 on the viewing- telescope, finds that 
each of the usually seen thick lines of the ^* preliminary band " is a 
double line, each line being almost infinitely fine, sharp, clear, and 

o 

well-defined, whilst the ^'attached band," which Angstrom represents 
by a telluric shading and four single separate lines, is composed 
of a set of exquisitely close doubles, followed by some stronger 
single lines. The B line itself, seen under these circumstances, is 
no longer a single thick line, but a wonderful grouping of the finest 
possible lines. Prof. Piazzi Smyth considers that, as the group has 
such a decided and well-marked physiognomy, it is dependent on 
one element or elementary combination, and is not the result of a 
chance coming together of stray lines from all sorts of elements 
scattered through the rest of the spectrum. He therefore gives a 
record of micrometer-measures and a graphical representation, in 
the hope that chemists may find a substance which, under some 
temperature or pressure, may present just such a picture, but in 
bright lines. 

Schmidt's Nova Cygni*. — It will be remembered that the 
bright-line spectrum of this star (which blazed forth in November 
1876) underwent important changes as the light waned, and that in 
September 1877 Lorid Lindsay announced that it was reduced to a 
single bright line, corresponding in position to the characteristic 

* Monthly Notioes, 1878, NoTember. 
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line of gaseous nebulae. Dr. Vogel, while confirming the fact that 
the light was monochromatic, disputed the conclusion that the star 
had become a planetary nebula. The wave-leogths of the three 
nebular lines are 5003, 4957, and 4861, of which the second is the 
most characteristic ; and, according to Dr. Vogel» the wave-length 
of the stellar line (y) was 4990 + 10, whilst Lord Lindsay's deter- 
mination gave 4986. Mr. Backhouse's observations, now published, 
throw some light on this point They extend from 1876, Dec. 27, 
to 1878, Feb. 2. Mr. Backhouse observed eight bright, lines (two 
of these only suspected), and compared their positions with those of 
various chemical elements. It is remarkable that he is the only obser- 
ver who records a line (9) at 4960 (by comparison with other spectra) 
^^ 4943 (by drawings), which agrees fairly in position with the 
second nebular line. This line was at first brighter than y, and 
second only to H^j ; but it rapidly faded out, being only suspected 
on 1877, Jan. 19. The wave-length of y, the line to which the 
spectrum was ultimately reduced, was found by Mr. Backhouse to 
be 5022, and the mean of all determinations by various observers 
gives 5008, a result which agrees very closely with the position of 
the first nebular line. Mr. Backhouse's table of the relative bright- 
ness of the several lines from 1876, Dec. 27, to 1877, May 15, 
shows clearly the progress to monochromatic light. Taking the 
brightness of y as I'o throughout, H^ was 2*5 at the first date, 
and had sunk to *o8 by 1877, ^^^7 ^5 * ^^^ other lines had faded 
relatively to 7 in much the same proportion. The conspicuous 
band in the yellow appears to correspond fairly with D,, its wave- 
lengthy according to Mr. Backhouse, being 5831, whilst Comu gave 
5880 and Vogel 5800. 

Satellite of Neptune. 
Major and minor semiaxes of apparent orbit on Jan. 30, i6'^'4 and 
5'^*4. The satellite is near its greatest n. f. elongation in po8.-ang1e 
4o°'3, and near its greatest 9. p. elongation in po8.-angle 220^*3, at 
the following times : — 

Jan. 16 4^8.p, Jan. 25 o^n%/. Feb. 2 ig^s.p, Feb. 11 is^n./. 
19 3 «./. 2722 *./>. 5 18 n./. 14 13 a.p. 

22 I «. ». 3021 n,f, 8 16 «.p. 

A-M. 



Astronomical Memoranda, 1679, Jan. 15.-Feb. 14. * 
Sun. Jan. 15, sets 4* 17", rises 20^ i~; Feb. 14, sets 5^ io~, 

rises 19** 17". 

Equation of time: — Sun after clock, Jan. 15, 9"* 37*; Jan. 25, 

i2« 33'; Feb. 4. 14" lo'; Feb. 14, 14" 25'* 
Sidereal Time at Mean Noon :— Jan. 15, I9^38"^3; Jan. 25, 

a^h jynuj . Yeh. 4, 20*^ 57"-i ; Feb. 14, 21*^ 36'»-5. 
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An annular Eclipse of the Sun, invisible at Greenwich, occurs on 
Jan. 21-22. The shadow-path passes over South Africa and South 
America. 

Moon, New, Jan. 22, o^; First Quarter, Jan. 30, o*" ; Full, Feb. 
6, isi"*; Last Quarter, Feb. 13, 7^. 

Occultations : — Jan. 16, 16'* 31" B. A. C. 4984 Oc. R. 301°; 
Jan. 26, 5^11" X Pisciura Oc. D. 68°, 5^ 53" X Piscium Oc. R. 
359° ; Jan. 27, 6^ 4" 45 Pisciura Oc. D. 189° ; Jan. 31, Pleiades, 
ii»» 28"* 16 Tauri Oc. D. 93°, 11* 39™ 17 Tauri Oc. D. 48% ii»^ 
50™ 19 Tauri Oc. D. 136% 12*" o" 20 Tauri Oc. D. 107°, 12* 23™ 
17 Tauri Oc. R. 321®, 13^ i» 20 Tauri Oc. R. 261°, 13*' 2" ly Tauri 
Oc. D. 27°, 13*' 25™ 1; Tauri Oc. R. 341° 13** 45" 28 Tauri Oc. D. 
32°; Feb. 4» 7^ 35" 58 Gemin. Oc. D. 18°; Feb. 5, i3>» 51" 
©Cancri Oc. D. 44°; Feb. 7, 16^27^43 Leonis Oc. R. 215^; 
Feb. 8, i4»» 55" p» Leonis Oc. D. 6°, i^^ 41" />* Leonis Oc. B. 
284°; Feb. 13, 16*^ 15" 4 Scorpii Oc. R. 313°, 16"* 56" ir Scorpii 
Oc. D. lOT®, 17^ 48* v Scorpii Oc. R. 228°. The angles at disap- 
pearance (D.) and reappearance (R.) are reckoned from the apparent 
N. point towards the right hand round the Moon's circumference as 
Been in an inverting telescope. 

Mercury is a morning star, at greatest elongation W. (24° o') on 
Jan. 16, when he rises in the S.E. at 18^ 24% or i^ 37"^ before the 
Sun. 

Venus IS an evening star, setting 49™ after the Sun on Jan. 15, and 
i^ 32"" after on Feb. 14. Her disk is gibbous, the illuminated por- 
tion being 0*987 on Jan. 15, and 0*959 ^° ^^^« ^4' ^^^ ^^ corre- 
sponding diameters io"*o and io"*3. 

Mars is a morning star in the S.E., advancing through Ophiuchus. 
Jan. 15, RA. i6»» 56»*6, Dec. 22° 43' S., tr. 2i>» i8», rises 17** 19". 
Feb. 14, R.A. 18 29 '3, Dec. 23 44 S., tr. 20 52 , rises 17 i . 

Jupiter is in conjunction with the Sun on Feb. 8. 

Saturn is an evening star, midway between a Pegasi and /3 Ceti. 
Jan. 15, R.A. 23^ 56"*4, Dec. 2° 51' S., tr. 4*» 18", sets lo*' 7". 
Feb. 14, R.A. o 6 '8, Dec. i 39 S., tr. 2 30 , sets 8 25 . 

Outer King. Inner Bing. Ball. 

Maj. Axis. Min. Axis. Maj, Ads. Min. Axis. Diam. 

Jan. 20 37*'58 l"-98 24**99 i**32 i5*-o 

Feb. 9 ^6" 66 i^-j^g 24*38 i**66 14^*7 

The south side of the rings is visible, the elevation of the Earth 
above their plane being 2 59' S. and 3** 54' S. on Jan. 20 and 
Feb. 9 respectively, and of the Sun 5^ 13' S. and 5^ 30' S. 

Uranus is a morning star, and may be picked up about \ of the 
way from p Leonis to Regulus. 

Neptune is an evening star, stationary between a Ceti and /3 
Arietta, as last month. Editor* 
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Publieatians received i — Simon Newcomb, Researches on the Motion 
of the Moon, part i. (Washington, 1878) — Col. A. R. Clarke, On the 
Figure of the Earth (Phil. Mag. 1878, Aag.>--Jacob Ennis, Electric 
Constitution of our Solar System, Elements of Sidereal Astronomy (Proc. 
Philadelphia Acad. 1878) — Memorie degli Spettroscopisti Italiani to 
1878, Oct. — The Analyst, a Journal of Pure and Applied Mathematics 
to 1878, Nov. (Des Moines, Iowa) — Kansas City JReview of Science and 
Industry to 1878, Nov. (Kansas City, i878)--P(Optt/ar Science Monthly, 
1878, Dec. (Appleton, New York}— American Journal of Science and Art9 
to 1878, Dec. (Dana, Newhaven, U.S»yScience Observer to 1878, 
Nov. (Boston Amateur Scientific Society) — Camillc Flammarion, Cata- 
logue des Btoiles doubles et multiples en mouvemeni relatif certain 
(Gauthier-Villars, Paris, 1878) — Etudes et Lectures sur FAstronomie, 
Tome viii. (Gauthier-Villars, Paris, 1878) — J. L. E. Dreyer, M.A., 
Notes on the Physical Appearance of the Planet Mars as seen with 
the Three-foot Reflector at Parsonstown, during the Opposition of iSyy 
(Trans. Roy. Dublin Soc. 1878, Nov.)— Prof. C. A. Young The Recent 
Solar Eclipse (Princeton Review, New Jersey, U.S.). Editor. 
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THE OBSERVATORY, 

A MONTHLY REVIEW OF ASTRONOMY. 

No. 22. FEBRUARY 1. 1879. 

MEETING OF THE ROYAL ASTRONOMICAL SOCIETY. 

Friday, 1879, January 10. 

Lord Lindsay, F.R.S. &c., President, in the Chair. 

Secretaries : Mr. J. W. L. Glaisher, F.R.S., and 
Mr. A. CowpBR Rantard. 

Mr.Glaishbr reported that 47 presents had been received during 
the last month, including 14 very beautiful sketches of the planet 
Jupiter made during the present opposition by Mr. G. D. Hirst, of 
Sydney ; and thanks were voted to the donors. 

Mr. Dunkin read a paper by the Astronomer Royal on Observa- 
tions of Oecultations of Stars by the Moon, and on the Phenomena of 
Jupiter's Satellites made at the Royal Observatory, Greenwich, 
during the last year. He remarked that only seven oecultations had 
been observed on account of bad weather, but that a long series of 
phenomena of Jupiter's satellites had been secured, and mentioned 
that in one instance, the transit-egress of the 4th satellite, the phe- 
nomenon took place more than 20*° before the predicted time. 

Mr. Dunkin continued : — The second paper is merely a note by 
myself on what appears to me to be a very important subject, which 
is this : — You will remember that in the discussion which followed the 
reading of the Astronomer RoyaFs paper on the Conjunction of Mars 
and Saturn at the last meeting of the Society, some reference was made 
to the very large errors of fiouvard's tables of Saturn deduced from a 
single comparison of the corresponding tabular places in the Nautical 
Almanacks for December 32nd, 1879, and January ist, 1880. That 
difference it appeared to me — and at the last meeting I expressed my 
opinion on this point — was much larger than what we find fi-om 
actual observation* As a matter of curiosity and information to 
myself I have collected all the observed tabular errors of Saturn 
during the last eleven years, so as to see the exact rate at which the 
error is progressing. Every one knows that the tabular error 
varies in different parts of the orbit of the planet, but that variatioa 
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should progress from year to year with some degree of regularity. 
I have put down, in the form 'of a table, the differeDces betweeu the 
observed and the tabular places of the planet Saturn as derived 
from computations deduced from Bouvard's tables and from obser- 
vation. The numbers have been deduced from the Greenwich 
Observations when Saturn passed the meridian at about 6 hours 
mean time, which is comparable with the time when^the planet 
passes at the end of the year, when the comparison of the corre- 
sponding places deduced from Bouvard's and Le Verrier*8 tables is 
made. 

The observed error of Bouvard's tables in 1872 is 5"*5 ; in 1873, 
6"t ; in 1874, 6"'g; in 1875, 9"-i ; in 1876, 9"-7 ; in i877,ii"-2; 
in 1878, ii"'5. In 1879, from a comparison of Bouvard*s tables as 
given in the * Nautical Almanack' for the last day of this year, and of 
Le Yerrier's tables for the first day of the following year, we have 
2i"*9. You see there is a general progress of the observed errors 
from year to year, but not equal to that indicated by the new tables. 
I also give the errors at the time of opposition : — in 1872, io"'o; 
1873, ii"-i; i874,9"-6; i87S»i3"'2; 1876, I3"-Si i877>""-8; 
1878, i4"-i. 

It only requires a glance at these numbers to show that we 
have reason to doubt the accuracy of the reputed large error of 
Bouvard's tables of Saturn at the end of the present year ; and may 
we not safely assume that a portion of the difference, 2i'''9, is due 
to an outstanding error still*existing in the new tables ? 

Mr. Gill. Between his tables of Saturn and the observations 
of Greenwich, Le Verrier found for certain years an irreconcilable 
diffierence of about 4" or 5", and this was confirmed by the Paris 
observations. After the fullest consideration of the matter Le 
Verrier concluded that either the law of gravitation was wrong, or 
the observations at Paris and at Greenwich were both wrong ; and 
he came to the conclusion that owing to the complications which 
arise from the presence of Saturn's ring and the difficulty of ob- 
serving the limb of the ball, it was more probable that the meridian 
observations were wrong rather than his tables. I hardly think 
that so very large a discordance between actuality and obs^ation 
is likely to arise in meridian observations. It is to be regretted that 
in so important a matter some independent method of determining 
the error of Saturn has not been employed, such as heliometric 
comparison between the planet and stars which would be indepen- 
dent of any such error, because the limb of the planet, or the centre» 
or the borders of the ring could be compared with stars without a 
possible error larger than the fraction of a second of arc. 

Mr. Neisan. Le Verrier entirely omitted to take into considera- 
tion a particular class of terms of long period in the motion of both 
Jupiter and Saturn, on the ground that they would be insensible; 
and for the same reason he omitted the similar class of terms in the 
theory of Mars. It has been since shown that these terms, which 
Le Verrier neglected in his theory of Mars, are not insensible, and 
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It is quite possible that the similar terms in the theory of Saturn 
may also be sensible. Therefore there may be terms in the theories 
of the larger planets producing sensible inequalities of comparatively 
short period which have never yet been calculated. 

Mr* Neison* I am about to bring before the Society a subject of 
perhaps more general interest than the general run of my communi- 
cations. At the last meeting Liord Lindsay read a paper in which 
he drew attention to some sudden changes which take place in the 
appearance of the lunar surface when seen under a very low illumina- 
tion. In the report of his paper it is stated that Lord Lindsay 
showed drawings ** by way of caution to those observers who seemed 
inclined to consider that because a crater or lunar marking had not 
been noted before it must> therefore, be a new formation." Lord 
Lindsay also stated that some of the markings shown upon the 
drawings appeared and disappeared in a period of twenty minutes. 
I think this is hardly a correct interpretation of what astronomers 
call a new formation on the Moon. Because they happen to see 
something which they had never seen before they do not think that 
is sufficient ground for calling it a new formation. Again, were 
they to see a slight depression in the surface become filled with 
shadow when near the terminator and so look like a black crater!- 
form object, they would certainly not regard that as a sudden real 
change on the lunar surface. I think, therefore, that Lord Lindsay's 
remarks, at any rate as reported, give a very false impression of 
the nature of the changes which selenographers are inclined to 
regard as probably arising from real alterations in the moon. 

I will place upon the blackboard this drawing of the region around 
the lunar crater Hyginus, showing its appearance twelve hours 
before sunset. You will see the drawing shows a considerable 
number of small craters, hills, and ridges, besides some larger objects^ 
and it was made from my observations in 1874-75. In this region, 
and particularly to the south of Hyginus, there are a number of low 
flat ridges with very gentle slopes, and though only thirty or forty 
feet high when near the terminator they cast shadows of very great 
length, so that at times, for a very short period, the whole of the 
surface between a network of these ridges will be immersed in 
shadow and only the ridges remain visible. A person looking at a 
region like this would see apparently a great black crater swiftly 
make its appearance and then rapidly disappear on the night side of 
the Moon ; whereas one accustomed to observe the lunar surface 
would at once draw the correct inference that it was merely a dimple 
which existed. Near the terminator the shadows produce great altera- 
tions in the appearance of most objects ; but these are thoroughly 
understood, and no selenographer would dream of looking on these 
as real changes. Yet Lord Lindsay's remarks might lead one to 
suppose otherwise. 

This region around Hyginus has been very frequently observed 
by the early selenographers, and drawn perhaps 100 times in all, by 
Schroter, Gruithuisen, Lohrmann, Madler, and Schmidt They 
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have all been intent on detecting and delineating every crater that 
Is to be seen ; and on the whole their drawings are in fair accord, 
those with the finer telescopes showing naturally rather more detail 
than the others. A year ago Dr. Klein, a German astronomer, 
saw a great black crater in the midst of this region. Schmidt, of 
Athens, who, in all his observations prior to 1876, had not seen a 
trace of such an object, on looking in 1877 instantly sees it as a 
most conspicuous object I had observed this region with great 
care in 1874-75, but I never saw a trace of this great black crater 
which, according to Dr. Klein, now exists in this region. I came, 
therefore, to the conclusion that if there really did exist in this 
place a great big deep black crater, I could not possibly have over- 
looked it, so that it must have appeared since the period of my 
observations. Is this a new crater? At present I cannot say. 
There are, however, some astronomers who can. Some say it is not 
new, for it has always existed, and believe they can see it in Ruther- 
furd's photograph of 1865 ; others say it is not new, for it does not 
exist at all. I put now on the drawing this great black crater which, 
it is stated, now exists. Is it likely that I could have seen all these 
very small hilb, craters, and ridges, and not have seen this enormous 
black crater in their very midst ? You see it is far too large and 
conspicuous an object to be overlooked if it exists. If there does 
exist an object here which is not new, it certainly cannot be a great 
deep black crater such as has been described by Dr. Klein, for that 
object could not have been overlooked by the earlier seleno- 
graphers. 

The reason why Mr. Pratt and Lord Lindsay did not see the 
crater on the 17th Oct. must have been that it was then within the 
shadow of the lofty ridge on the east. For the same reason I did 
not see it on August 19th. Others, however, have seen it, and 
there can be no doubt now that a crateriform object does exist ; 
whether it is a conspicuous deep black crater — the important point — 
remains to be proved. Some astronomers profess to be able to 
detect the crater on the Rutherfurd photograph. Those most 
familiar with the region, and including Dr. Klein, cannot do so, 
though they can see some dark markings of known origin near the 
place of the crater. The detection of a marking on the photograph 
proves nothing ; the real question is, does there now exist in this 
region a large conspicuous deep black crater visible for 24 hours 
after sunrise ? All I can now say is that such a crater was not 
there when I saw that part of the moon. 

Mr. Common, Did you observe the region at sunrise, when the 
crater would not be in shadow ? 

Mr, Neison, Yes, in 1875 ; ^"^ ^^^^ ^^^ crater was not there. 

Mr, Common, Did it alter in position as well as alter in size ? 
Because I have seen several different diagrams showing the crater 
nearer these two small craters in Hyginus. I was always given to 
understand that it was halfway between Hyginus and the Spiral 
mountain. 
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A Felloto. I should like to ask whether the range in the middle 
of that peculiar mountain is higher than the semicircular ridges 
which surround it. If it should turn out that the central range is 
loftier, I think that may be an explanation of the difficulty. 

Dr. Be La Rue, I would ask whether in the photograph 
which is on the wall that crater is yisible. There may be a possible 
explanation of the object being visible in the photograph and 
not by the eye. At the time of the eclipse in i860 there was 
one very high prominence, " the boomerang/' which was perfectly 
invisible to all observers and yet was photographed by me. A 
slight difference of tint may be strongly delineated by the actinic 
ray, and still not be visible to the human eye. Eyes differ as to 
their sensibility to particular rays, so that one observer may see 
objects that another does not. Consequently it is necessary to take 
into consideration all the possible contingencies which may affect 
observations. 

Mr. Christie. I have not had the advantage of studying this 
part of the Moon under favourable condition of illumination, but 
I have compared some of the drawings with the photograph. These 
four craters which are depicted by Mr. Neison seem to agree very 
well in position with the four spots shown in Mr. Rutherfurd's photo- 
graph, and also in the Melbourne photograph ; but when we come 
to compare Schmidt's map of the Moon, Lohrmann's map, and Dr. 
Klein's drawing of that region, it is very difficult to identify the 
object. The quadrilateral, which is nearly a square on the photo- 
graph, is distorted into a lozenge of peculiar shape, varying accord- 
ing to each observer's predilections, and it is very hard to identify 
the particular spot. So far as I could see on Dr. Rutherfurd's 
photograph there were two bright spots, each with a long dark 
shadow on one side, either of which would agree fairly well with 
Dr. Klein's crater. Dr. Klein in his diagram does not draw the 
crater any thing like so large as Mr. Nelson represents. After all, 
there is a great deal of uncertainty as to the drawing of this part of 
the Moon. 

Mr. Bidder. Whilst the discussion has been proceeding I have 
asked the Secretary to get me Schmidt's new map, and it confirms 
what Mr. Christie has said. If Mr. Neison correctly represents this 
part of the Moon, the map certainly does not. If you place them 
by the side of each other you will see that there must be a good 
deal of uncertainty about it. 

Capt. Noble. When the announcement of Dr. Klein's discovery 
was made I examined this region of Hyginus, but failed to detect 
any thing ; subsequently I received a communication from Mr. Birt, 
' who said that there were so many discrepancies in the drawings 
which had been exhibited, that he asked me to look at the Moon 
and make a drawing myself, which I did on the 2nd of November, 
and I am bound to say that I entirely failed to see Klein's crater. 
One of the points to which Mr. Birt invited my attention was the 
discrepancy in the angle between the two rills in three separate 
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drawings, one of Schmidt*8, and I forget whose the two others were ; 
and I found on running my micrometer over them that the angle 
subtended at Hyginus itself was 143° 30'. 1 asked Mr. Ward of 
Belfast if he would look at this region in the Moon ; and he wrote 
to me that he saw Klein's depression only as a grey spot, and its 
position as determined by the micrometer with reference to Hyginus 
was: position-angle about 330^, distance 21" from the crater. I 
have often looked at that region when it was pretty far advanced in 
sunlight, but I have failed to see the crater. I have not looked since 
I have had Mr. Ward's measures. 

The President. I think the Society will be very much obliged 
to Mr. Nelson for having brought this matter forward ; but I do not 
feel so utterly smashed as I feared by Mr. Nelson's criticisms, for 
he has rather carried out my point, that great care should be 
taken by everybody who thinks that he sees a new feature in the 
Moon. The only reason why I thought it desirable to bring for- 
ward my paper, which had really no argumentative character in it, 
was to bring to the notice of the Society the great changes, invol- 
ving very large areas over the Moon's surface, which take place in a 
very short space of time. But I think Mr. Neison is rather in error 
in saying that the part where he placed the new crater was the part 
to which I wished to draw attention, which was really another pari 
altogether, and had nothing whatever to do with the new crater. 
In the space of 25 minutes a perfectly bright white area became 
completely dark with a single bright spot by the side of it 

Mr. Gill. This seems to be a very troublesome crater indeed. 
But I should like to ask Mr. Neison, who is a promoter of the Sele* 
nographical Society, possessing an intimate knowledge of the neigh* 
bourhood of Hyginus, and knowing all about the effect oFchanges in 
illumination and so on, and who must have been excited by marvel* 
lous curiosity as to those changes in the Moon, why he has not, in* 
stead of coming before us and telling us -what other people have seen, 
told us what he himself has seen. He has evidently not seen this 
crater, but he must have looked for it under most favourable cir- 
cumstances. I should like to ask him why he has not brought some 
positive evidence, knowing as he does, the whole of the conditions 
which affect the visibility of the crater. 

Mr. Neison. Let me take Mr. Gill's question first. I have en- 
deavoured to observe this region at every opportunity since last 
April, but the weather has been so persistently cloudy that I have 
been unsuccessful. Capt. Noble remarks that Mr. Ward's measure 
places the crater in position-angle 330° and distance 21". But he 
has forgotten the dimensions of Hyginus, and the effect of the in- 
clination of the lunar axis; aud allowing fbr the^e, Mr. Ward's mea- 
sure brings the crater within i-8th of an inch of the place I have 
given it on the drawing. Dr. De La Rue remarks that the crater 
is seen on the photograph as a white ring surrounding a dark centre. 
Dr. Klein says this in not the crater, and that the crater is never 
visible as a white object. 
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Dr. De La Rue, I did not assert its ezistenoe on the photograph* 
I merely asked the question. 

Mr, Neison, There is an object on the photograph which looks 
something like what the crater might be imagined to be, though Dr. 
Klein says it is not in the right place ; but the point is that all sele* 
nographers are unanimous that they did not see a great black crater 
here at sunrise, and now it is stated that there is one to be seen. 
Dr. De La Rue remarks that to some eyes it might be more con- 
spicuous than to others. 

Dr. De La Rue. I beg pardon : the point which I wanted par- 
ticularly to bring before the Society was this, that an object barely 
visible to the eye may be very distinct in a photograph. 

Mr, Neison. My point is this. It was not visible to the eye be- 
fore 1877 ; it is visible now. There must have been some change 
which has now rendered visible to the eye what was not visible before. 
Whether a photograph shows a marking here or not from this point 
becomes immaterial. Mr. Bidder draws attention to the fact that 
my drawing differs much from Schmidt's map. This is true ; but it 
must be remembered that Schmidt never intended his map to be re- 
produced in the way it was, and it shows tiny ridges as conspicuous 
as big mountains. With regard to Mr. Christie's remarks about 
the discrepancies in the different drawings between the positions of 
the small craters, I would remark that it is very difficult to accu- 
rately delineate the position of these in very small detail. They are 
very small, though the white spots in their position on the photo- 
graphs are larger. I may add that I mentioned Lord Lindsay's name 
in connexion with the new crater on the basis of his having remarked 
that he looked for the new crater and did not see it. With regard 
to his observation of an apparent change in a formation south of 
Hyginus, I think, as I before remarked^ that is nothing more than 
what every observer of the Moon is thoroughly accustomed to ; ob- 
jects do seem to change in a striking manner before sunset. 

The President, I did not say anything about a change of shape 
or position. I merely said that what was nothing at ail before— 
because there was nothing to be seen — suddenly became dark. 

Mr. Nelson, Certainly. Until the sun has almost set nothing is 
visible, for the slopes of the object are so gentle they cast no shadows; 
but just before sunset the entire slope is swiftly thrown into black 
shadow, and a mere dimple or slight depression takes the form of a 
very black object. It is not Lord Lindsay's paper that I have replied 
to, so much as the reports of his paper, which do seem to convey 
an erroneous impression. The idea was conveyed that the region 
around Hyginus had certain peculiarities which ought to render us 
suspicious as to the reality of apparent changes in it, whereas Lord 
Lindsay's paper makes out no such circumstance. Moreover, by 
cautioning observers not to take a crater as new simply because it 
had not been noted before, you do seem to convey the idea that this 
is done. Is it? 
Dr, Wentworth Erck. Something was said as to the difficulty of 
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getting a bichromate battery which should always be ready for use 
at a moment's notice; and having contrived one my^elfy 1 thought I 
would like to show it to the Society. The internal resistance is 
Jess than that of Grove's cell ; the current is constant ; you can in- 
crease the resistance as you please, and you can easily bring it 
down ; you have it under complete control ; it is always ready at a 
moment's notice, and takes no time to put in operation. The space 
-between the zinc and the carbon is just sufficient to prevent acci- 
dental contact between them, and it will allow the bichromate solu- 
•tion to flow constantly, so that the zinc is in the position of a ship 
anchored in a canal with a constant current on each side of it. The 
peculiarity is the extraordinary extent to which you may dilute the 
-bichromate solution and yet get a strong current. Here is zinc which 
has' been in operation for six months, and you only have to drop it 
in this manner, and it is as good and as convenient for use as a com- 
mon bichromate battery, and it is available at any moment. 

Mr, Gill, The great fault of all bichromate batteries is polariza- 
tion. Does this prevent that by the actual current flowing through 
the battery ? and if so, is it troublesome to keep it up? 

Dr, Erck, There is a constant current at the rate of 6 oz. per 
hour, and with that flow of current the polarization is practically 
nothing. 

Dr. Be La Rue. What steps did you take to ascertain the con- 
stancy of the current ? 

Dr, Erek. By attaching a wire to a galvanometer, and the deflec- 
tion remained constant. 

Dr, De La Rue, If the flow was stopped, did it remain con- 
stant? 

Dr. Erck, No. 

Mr. Ranyard. Then a certain change in the rate of flow makes 
all the difference in the strength of the current* 

Dr, Erck, The strength of the current varied with the strength 
of the solution and with the depth of the zinc. It is a very con- 
venient thing to start with the ordinary solution diluted one half. I 
use it with a piece of zinc about | in. wide, and when the solution 
has passed several times through the cells 1 use a larger piece of 
zinc According as the solution gets strength I put a little more 
zinc. 

Mr, Ladd. My experience is that such batteries are very far from 
being constant. I find that those cells which are the most constant 
are those that hold a great deal of solution, and where there is a 
considerable depth below the carbon or the zinc plate, in order that 
the bichromate, when it becomes decomposed, may sink to the 
bottom. If I were going to make a new bichromate ceil I should 
not adopt the plan proposed by Dr. Erck, because there seems to be 
DO room for the decomposed solution to go to the bottoms 

The President, My own experience of a bichromate battery is 
very much what Mr. Ladd has mentioned, and I have given up 
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Qfiing it. Bui if the fluid is constantly changed, as is done in some 
laboratories in Germany, by having the battery on a shelf and a 
large bottle above dripping into it, that is a very material improve- 
ment At the same time I agree with Mr. L4idd as to the advisa^- 
bility of having a considerable depth of fluid below the battery, so 
that the decomposed chemicals might fall by their own gravity, and 
no longer ofler such resistance. 

Dr. Erck. Mr. Ladd*s experience as to batteries, no doubt, is 
what he has stated, but he has had no experience of such a bat- 
tery as this ; and I submit that the experience of other batteries has 
nothing to do with this battery. With regard to having a great 
quantity of solution below the plates I thought of that myself, and 
in some experiments that I was trying I had as great a depth as 14 
inches below the plates ; but I found tnat it would not do, for the reason 
that the products very easily sink to the bottom, but that sinking to 
the bottom is counteracted by heat. You have a constant stirring 
ap of the fluid from top to bottom. This is not one of those cases 
like the craters of which we have heard so much : I am prepared to 
show any gentleman that with that particular apparatus I will main- 
tain a constant current as long as that amount of solution in the 
bottle lasts. As to Lord Lindsay's remark^ that a similar battery has 
been found inconstant, in mine there is a constant current without 
any stop whatever, unless there is very great mismanagement. 

ITie President. I said if you bad a bottle above and a stock of 
fluid. The change of fluid is not a new idea. 

J>r. Erck. No. 

The President. May I ask what force one gets from a battery 
of this description, and under what circumstances one could keep a 
closed circuit, and for how long, or a circuit which would do for 
the work of an electro-magnet, which circuit has to be closed for a 
considerable period of time? 

Dr. Erck, For the particular purpose of closing the circuit in an 
electro-magnet, for something under half a second, the wire round 
the magnet would be No. 16. We get a current which will remain 
perfectly constant, so long as the solution is there, at the rate of 6 oz. 
an hour. 

Mr, Ranyard read a paper by Prof. Asaph Hall on Hyperion, 
in which it was pointed out that owing to the attraction of the mass 
of Saturn's ring and of Titan, the line of apses had advanced 180^ 
since 1848. 

Mr. Plummer. I wish to make a remark regarding a discussion 
which took place at the last meeting, and which was brought on by 
Mr. Christie, with reference to abnormal phenomena which some- 
times take place at the occultation of a star by the Moon. About 
50 years ago the late Sir James South read a paper before this 
Society, in which he carefully examined all the cases of the pro- 
jection of stars upon the Moon's limb which he could possibly 
collect; and he further examined the five hypotheses which were 
then current as to the explanation ; and any one carefully reading 
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that paper will admit that he succeeded most effectually in exploding 
them all ; and yet in spite of that whenever an abnormal phenomenon 
of this class takes place some one or other of those exploded 
hypotheses is brought forward to explain what has been seen. I 
think on the last occasion one gentleman referred to the colour of 
the star: that is one hypothesis which Sir James South investigated, 
and which he had to throw aside as utterly hopeless. Since that time 
two other hypotheses have been started with the view of explaining 
these phenomena. The first was referred to by Mr. Gill on the last 
occasion, viz. that if a star disappeared at a portion of the Moon's 
limb where there was a deep valley that valley might contain some 
remnant of a lunar atmosphere, and in that way the star by refrac- 
tion through that atmosphere be projected on the limb. Now 
observations of this character have been verified by observers in 
very different parts of Europe on the same occasions ; and as 
parallax would shift the position of the star with reference to the 
Moon, it would be extremely strange if a valley of this character 
should always happen to be in that position for every observation* 
The explanation suggested by Sir George Airy can hardly be de- 
scribed as an hypothesis, because it is founded upon certain optical 
facts which we 'know do take place ; and therefore we must conclude 
that at every occultation of a star by the Moon, the phenomenon 
which is described by Mr. Christie must actually take place whether 
it is perceived or not. If Mr. Christie is satisfied that this explains 
all that he saw, I have no objection to accepting his explanation ; 
but I wish to point out that it will by no means serve as an explana- 
tion of all the cases of the projection of stars upon the Moon's limb. 
No one who has actually observed the projection of a bright and 
conspicuous star upon the dark limb of the Moon, visible by 
means of earth light, will ever be satisfied with that explanation. 
It is not merely that half the disk of the star and half the rings are 
projected upon the lunar disk, but the whole of the rings are not 
only within the dit^k, but well within the disk. The ' Proceedings ' of 
this Society give instances in which observers have stated that a 
star has been projected to the extent of one minute, and even two 
minutes, of arc within the disk, though I think in this there must have 
been some unconscious exaggeration. From my observation, which 
wa4 taken ten years ago, there was a projection of not less than 7" 
and probably not more than 10". No doubt there are a large 
number of instances where the projection has been well within the 
limb to an extent far exceeding all that could be accounted for by 
an optical increase of the Moon*s limb according to the explanation 
of the Astronomer Royal. Some years ago, having given attention 
to this subject, I suggested another hypothesis which I am sorry to 
say has not, on the whole, approved itself to the attention of 
astronomers. My suggestion was that a lunar atmosphere in con- 
nexion with the libration would explain the phenomenon. If it 
can be shown that no marked case of projection occurs except 
where there is a considerable amount of libration, we shall have 
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established one fact to go upon. I have examined all the cases that 
I can find between the years 1850 and 1870; they are 13 in number, 
and, omitting two as doubtful cases, there are 11 which coincide in 
giving a distinct positive Hbration at the point where the star was 
seen to disappear ; but to be perfectly ingenuous I must say that 
there was one observation taken at Wilna which by no means 
agreed with my hypothesis, and for that reason I have for some 
years said nothing about it. The best way to test my theory would 
be to make a number of observations all round the Moon's limb 
(which might be possible at. the occultation of the Pleiades), to 
afford a chance of observing at the same time the different behaviour 
of the stars at different points on the Moon's periphery. I am able 
to confirm to some extent Mr. Christie's observntion of the star 
17 Taurt, which was certainly clinging or attached to the limb for 
the space of ^ a second, according to n>y observation ; and I found 
that there was a slight positive libration at that point ; so far as 
that goes it is favourable to the hypothesis. Another star seemed 
to cling a little more, but the observation was of such a character 
as to afford only negative evidence on the whole. We shall have the 
Pleiades occulted on another occasion, and it will be an interesting 
point for astronomers to watch carefully which of the stars appear 
to cling more than others. 

Mr. Christie, May I ask how an atmosphere will account for 
the projection on the Moon's disk ? 

Mr. Plummer. There can be no question, I think, that when 
the ray from a star is grazing the surface of the Moon, and after- 
wards passing through a certain amount of atmosphere, it must 
undergo precisely the same refraction as the limb itself, and therefore 
in every case it seems to me that the star n]U:<t really disappear at 
the limb. I must therefore improve upon the hypothesis ; and I do 
it in this way, which I trust will give satisfaction, to some minds at 
least. The phenomenon appears to me something analogous to 
mirage. If there is a portion of the Moon's surface highly heated 
and covered with an atmosphere, the portion which is quite near the 
limb will be rarefied by the extra amount of heat, and it may be 
somewhat denser at an elevation from the body of the Moon. If 
that be the case the ray of a star passing through that denser atmo- 
sphere will be deflected and the object will appear upon the disk. 
It must suddenly come back, but it may be so sudden that the eye 
is perfectly incapable of perceiving it, for I do not imagine that the 
stratum of heated atmosphere can be of any considerable depth ; 
and I Jo not think it necessary to suppose that the atmosphere is of 
a density comparable to our own. 

The President. Supposing that there was an actually increasing 
refract iun, as it approached the limb of the Moon, would not the 
star appear to go very much faster? 

Mr. Plummer. Practically it does. I have only seen the phe- 
nomenon once, and everybody knows that it is an extremely rare 
thing. The circumstances under which I saw it were distinctly 
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those of which Lord Lindsaj has spokeD. I was obserring the 
occultation of a star in Taurus, Dot expecting anj thing of the kind. 
The star approached as usual up to the limb, and I waited expecting 
an instantaneous occultation. I cannot tell how long, but in an 
instant it was some distance within the limb, and it remained there 
for the space of five or six seconds according to my belief, long 
enough to make quite certain of the fact. I do not profess to say 
that I saw the star go across the limb ; but I saw it at the limb and I 
expected an instantaneous occultation, and then it suddenly appeared 
considerably within. 

Mr, Dunkin, The observation of Mr. Plummer's is really a very 
important one, if he has actually seen the star on the dark limlx I 
can hardly understand how it is possible ; but as a practical matter 
I may say that I have observed mauy occultations both at the 
dark limb and at the bright limb. I have seen the projection of 
Regulus on the bright limb, and have seen it distinctly between two 
or three seconds inside the limb of the Moon ; but during my whole 
experience I have never observed any thing of the kind on the dark 
limb. 

Mr, Plummer, The observation of a star visible within the dark 
limb is by no means unique. There are many instances mentioned 
by Sir James South even 50 years ago. 

Jfr. Bangard. I cannot say I understand Mr. Plummer's theory 
with regard to the reflection of light from the surface of a denser 
stratum of atmosphere ; but I think it may be taken as a full 
answer to the theory that the brightness of a reflected image depends 
upon the diflerence of the refractive indices of the two media at the 
surface of which the reflection takes place, and mirage efiects would 
consequently be very faint within the lunar atmosphere. 

Mr, Christie, As to the projection of a star on the bright limb of 
the Moon there is no difficulty in explaining that by the theory 
which the Astronomer Royal has put forward. It must not be un- 
derstood that in that case the irradiation is confined to the spurious 
disk of the star ; but when you have an overpowering light from the 
Moon you may have an irradiation of 2" or 3'' very easily. As 
Mr. Ranyard has pointed out, there is great difiiculty in accepting 
Mr. Plummer's theory in the case of the bright limb ; and I fail to see 
how it can possibly explain any projection on the dark limb of the 
Moon, because there can be no heat from the Sun whatever in that 
case so far as I see. Considering that the lunar atmosphere is very 
rare, and we have Lord Rosse's observation that the Moon's tem- 
perature falls very rapidly, I do not think that the theory could 
fairly explain any abnormal heating of the lunar atmosphere. 

Capt, Noble, I cannot help thinking, in the first place, that the 
excellence of the telescope with which an occultation of a star is ob- 
served, and, in the next place, personal equation, must have a good 
deal to do with these abnormal phenomena. I have observed many 
hundreds of occultations with a telescope of great excellence, but I 
never had the luck to see any thing in the shape of a projection on the 
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Moon. I have seen the Moon go over a star very obliquely, and I 
suppose the Moon*8 edge was serrated, for I saw the star come out 
and disappear again; but whether that would give rise to any 
thing assimilating to a projection on the dbk I am not prepared to 
say. 

Mr. Gill. I did not advance the hypother^is of an atmosphere; I 
merely asked, as the star approached a hollow, had the old bugbear 
of a lunar atmosphere any thing to do with it ? 

Mr. Plummer. I think I must have misled Mr. Ranyard. I did 
not speak of reflection. I said the phenomenon was like the mirage. 
The heating of the surface produced a difference of refraction. I 
can only recommend Capt. Noble to read Sir James South*s paper. 
He has started two of the hypotheses which Sir James South has 
shown to be fallacious. 

Mr. Douming read a paper on the Reduction of the North Polar 
Distances of the First Melbourne General Catalogue to Auwers's 
Standard. This investigation consists essentially of a comparison of 
the North Polar Distances of the Cape Catalogue for i860 with those 
of the Melbourne .Catalogue; the reduction of the latter to the 
Standard is then accomplished by applying the corrections to the 
N.P.D.s of the Cape Catalogue given in a paper read before the 
Society at the December Meeting. There are 352 stars available 
for the comparison. 

Proceeding exactly as in the comparison of the Greenwich and 
Cape Catalogues given in the paper referred to above, a curve has 
been drawn representing the systematic differences between the ca- 
talogues. The differences, Capemtntc^ Melbourne, as read off from 
the curve, begin at — 1"*2 at N.P.D. 50°; the curve then rises 
rapidly towards the axis, cutting it at about N.P.D. 65° : it con- 
tinues to rise gradually in the positive direction to about N.P.D. 145^, 
where the difference is +o"*8; the curve then turns back to- 
wards the axis, cutting it near the South Pole. The reductions to 
Auwers's Standard range from — o"*9 at N.P.D. 50° to 4-o"*44 at 
N.P.D. 100^; and the reductions to Henderson (for stars south of 
N.P.D. 120°) range from + 1"-; atN.P.D. 120° to -o"-24 at N.P.D. 
172^ This latter part of the investigation is of course provisional 
only ; it is to be hoped that when Mr. Stone's great catalogue is pub* 
lished it will be possible to deduce a system of Standard North Polar 
Distances for southern stars analogous to that given by Dr. Auwers 
for stars visible in European latitudes. 

Mr. GiU. I wish to remark with great emphasis upon the very 
Important work which Mr. Downing is doing. No one can read his 
last paper without seeing the great amount of labour, care, and en- 
thusiasm for such subjects which dry figures do not engender in 
many people. But it is only those who are engaged in discussing 
the question of absolute declination who can appreciate the value of 
such a paper as Mr. Downing's ; and it bears with very great in- 
terest upon a matter of the highest importance in practical astro- 
nomy, viz. the question of astronomical refractions. In the last 
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annual Greenwich catalogues a correction has been applied to 
BesseFs refractions. The tendency of these discussions is to induce 
a stronger belief in the goodness or the truth of the old refractions 
without this correction. 

Mr, Christie, I agree with all Mr. Gill's remarks as to the im- 
portance of Mr. Downing 8 work with regard to this question of 
refraction. As regards the Greenwich catalogues, the old refrac- 
tions were used up to i868, and the new refractions (that is, Bessei's 
refractions diminished in a certain ratio) from that time in the Nine- 
Year catalogue, which is now about to be published. I admit there 
are some differences as compared with previous catalogues. At any 
rate the matter of astronomical refraction is one which can only be 
satisfactorily settled by referring to southern observatories, because 
there are peculiar difficulties about observations of circumpolar 
stars, which make it very difficult to deduce the refraction with 
absolute certainty from them, so that Mr. Downing's discussion in 
this respect is very valuable. Both of his papers show that the old 
refractions sensibly represent the observations made in southern 
observatories. 

The following papers were announced : — 

A, E, Nevins, On the practical advantages of Hartnup*s method 
of testing Chronometers. 

Prof, R, Grant. Observations of the Tran.^it of Mercury, May 6, 
1878, and of the Occultation of Mars by the Moon, June 3, 1878, 
made at the Glasgow Observatory. 

B. G. Jenkins, On a possible connexion between the move-, 
ments of the Magnetic Needle and the planet Neptune. 

A, Marth, Ephemerls for determining the Positions of the Satel- 
lites of Uranus, 1879. 

Lord Lindsay and Dr. Copeland, Note on Meteors observed 
November 27, 1878. 

The following were elected Associates . — 

Prof. Asaph Hall; Prof. A. Krueger; Prof. C. H. F. Peters; 
Prof. H. C. F. C. Schjellerup. 

The following were duly elected Fellows : — 

Lieut. C. W. Baillie, R.N. ; Fredk. Wm. Gierke; Thos. Gushing; 
Robert T. A. Innes ; Rev. J. Holdsworth Morgan ; Charles Pendle* * 
bury, B.A. ; Prof. C. W. Pritchett, M.A. ; Capt. James Rankin ; 
Dr. Arthur W. Wright. 

The meeting adjourned shortly after 10 o'clock. 
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The Meteors of Nov, 28-30, 1878. 
It was reasonably expected by astronomers that there would be a 
repetition this year of the remarkable meteor-shower recorded 
Nov. 27, 1872, and known to be fragments of Biela's Comet; and 
no doubt close watch was kept by meteor observers during the 
latter part of November for the expected display ; but, as far as the 
observations of the writer show, very little, if any, trace of the 
shower was seen. For a week previous to Nov. 23 (with the 
exception of a short watch obtained on the 2i8t) the sky remained 
generally overcast, and a repetition of this unfavourable weather 
prevented observations on Nov. 25-27 and 28, and on Dec. i, 2, 3, 4, 
and 5. The moonlight also proved exceedingly troublesome after 
Nov. 28 and prevented the recording of any but very bright meteors. 
A careful watch of the sky (ranging from one to four hours in 
duration each evening, and aggregating ^ome 17 hours in all) was 
kept on Nov. 23, 24, 26, 29, and 30, and Dec. 6, 7, and 8, for any 
meteors conformable to a radiant near y Andromedse ; and during 
this time only 3 meteors were mapped that belonged with any cer- 
tainty to the Bielas — one being recorded on the 23rd during a watch 
of three hours, and two on the 26th during a four hours' watch ; and 
the paths of these prolonged backwards met exactly at R. A. 2 5° 
4-42^, and they were undoubtedly members of this stream. Being 
interested to know whether the shower had been seen at other 
stations in the U.S., particularly on the 27th, 1 wrote to Profs. H. A. 
Newton, D. Kirkwood,and Cleveland Abbe, and received from these 
gentlemen negative results as far as they were able to find out; so that 
it is reasonably inferred from this that no considerable part of the 
Biela stream encountered the earth at the nodal passage this year. 
Although the Biela shower was conspicuous for its almost entire 
absence, still the following radiant-positions were well deduced from 
the meteors mapped, some 50 in number. 

1. Nov. 24-29, R.A. 25^ Dec. +26°, 5 meteors. 

2. » 23-29» » 76°» f> +46°, 8 „ 

3. „ 26-29, „ 8i^ „ +21^ 9 „ 
4- n 24, „ 330^ „ +63^4 „ 

1. Meteors quite bright, short, and slow, strongly suspected. 
Denning, from Italian Met Assoc. Obs. 1872, at R.A. 24^ +27% 
Nov. 25 to Dec. 31. 

2. Position exact. Meteors rapid, short, itnd generally faint. 
Three recorded in rapid succession on the 24th. Confirms a radiant 
deduced at Pola, Nov. 27, 1872. 

3. Taurids IL Meteors generally bright, -short, and slow. 
Radiant deduced last year at R.A. 80^ +22^ Principally seen on 
the 29th. 

4* Strongly suspected. Meteors faint, short, and rapid. All seen 
during one hour's watch in the W. Denning from Italian Met 
Assoc. Obs. 1872, Nov. 2S-Dec. 31, at R.A. 330° +66"", 

Cambridge, Mass., ir.S.A., Edwin F. Sawter, 

1878, Deo, 13. 



Digitized by 



Google 



840 Capt. Abney's Emulsion Processes. [No. 22. 

Captain Abney^s Book on Emulsion Processes*. 

At the present time it is almost necessary that every astronomer 
should be a photographer. The ** optic tube '* oF past times has for 
the moment become somewhat unfashionable; seeing is no longer 
believing ; and the astronomical phenomena that are engrossing most 
attention are those that you cannot see with your mortal eyesf. 

This phase of our experience will doubtless soon pass away; but 
it is none the less necessary for us to live in our own times, and, in 
order to do so, the sooner we acquaint ourselves with photography 
the better. We have been obliged to learn such things as the 
undulatory theory and the molecular theory in connexion with 
modern astronomy, and now we are obliged to learn the practice of 
photography ; and though at first they may all appear sufficiently 
repulsive subjects, some few steps of knowledge are apt to enchant 
them into tolerable roadways if not pleasant fields, whilst their skil- 
ful use may even convert us into enthusiasts. 

To speak briefly, the book I have to review is a book upon dry 
plates ; how to make them according to diverse authorities, and how 
they are to be used, together with a short discussion of their theory. 
It forms a sequel to the author's * Instruction in Photography,' 
which is a practical treatise on the whole subject. 

Dry-plate photography is at present by far the most interesting 
and useful form of the art, and the simplest way of preparing the 
plates is by an emulsion process. 

An emulsion process implies not merely a dry plate, but one in 
which the silver solution is incorporated with the collodion in a bottle, 
instead of the collodion film being spread first and then dipped into 
a bath of silver solution, and may be considered generally as an im- 
provement on the older method. 

There are two other leading peculiarities of emulsion processes: 
one is that gelatine may be substituted for collodion with advanuge 
for holding the sensitive salt ; the other that the Fait employed may 
with advantage be the silver bromide alone, instead of the iodide and 
bromide combined, and by these means a very short exposure suffices 
for obtaiuing an image. 

The quickest processes now in use are on films of gelatine im- 
pregnated with silver bromide and developed with ferrous oxalate ; 
and under favourable conditions they can be worked with about a 
third of the exposure required for a wet plate. It is hardly necessary 
to remark that the practice is subject to risks in proportion to its 
rapidity, so that more dexterity and experience are required than 
with the slower methods. It is obvious especially that over- or under- 
exposure in the camera are more fatal when the admissible latitude 

* Photographic Handy-books. — ^No. 2. Emulsion Processes in Photogrwhy. 
By Oaptam Wt de W. Abney, R.E., F.B.S. London : Piper and Garter, 187a 

t Two at least of our most distinguished and most industrious observers hare 
not looked through their telesoopea for several yeari^ having converted them into 
photographic instruments. 
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is so very small. And on this point I will make a criticism paren- 
tlietically : — nothing is more puzzling to a beginner than to decide 
whether or not his negative was sufficiently exposed. Such density 
of image can be got with the alkaline development, that he at first 
refuses to believe in its under-exposure; and it would help him 
much in his troubles if the efiects of this mistake were more fully 
and clearly described. 

The book commences with a general account of the process, de- 
scribing the washed and the unwashed emulsions ; then collodion is 
dealt with in detail, and the author goes on to a theoretical disser- 
tation on sensitive films, on alkaline development, and very parti- 
cularly on the causes and elimination of that bane of photography 
known technically as " fog." 

J canot say that this part of it is as clear and consecutive as it 
might be ; at all events it is not by any means brilliant ; and from 
Captain Abney we expect no less. I think it would be quite worth 
while to rewrite it, so as to unfold the ideas in more orderly 
sequence, for as they stand it is no great exaggeration to say they 
are shot down like peas in a bushel. 

Notwithstanding this disadvantage, the information given as to 
the causes and the elimination of '* fog " is probably the most 
valuable part of the book ; but after the author has done his best to 
clear up these difficulties with, as I think, a considerable degree of 
success, he still has lurking misgivings in his own mind, and gravely 
invites his reader to a most attractive enterprise in the following 
words (p. lo) : — ** If any reader will not admit it, he should read all 
the various evidence that has been adduced since the time when 
Scheele first made his experiments with silver chloride ; and we doubt 
if he can remain unconvinced "II!! 

On this the sceptical reader is supposed to retire hastily into his 
shell. 

It is not easy for an ordinary student to get acquainted with the 
literature of photography, for the simple reason that all that is 
original in it is scattered through multitudes of papers in various 
periodical publications which are practically inaccessible to him. 
It is not likely that such lively reading as the photographic news- 
papers would engross any one's time who was not specially devoted 
to the art and an enthuniast in it too. The truth, however, is that 
all scientific photographers are enthusiasts, and most of them are 
amateurs, the one to whom we owe most as a systematic writer on 
the subject being by profession a soldier *. 

This alone is sufficient to corroborate the assertion I will flatly 
make, that a more fascinating pursuit than photography does not 
exist. It presents an instance of science inevitably mixed up with 

* It is deeply to be regretted that the B. A. S. should just now lose the 
FeUowsbip of tms able investigator. It will henceforward be understood that 
the Society is gifted with singular taste, and whilst it chooses to keep on its 
Clounoil a person whose only distinction is an unauthorized military tide, it 
oan Terr well dispense with officers in the Queen's service, however great their 
scientific attainments. 

VOL. II. 2 B 
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arts uicL >rt not merely in the sense of skilful manipaUtion, tat an 
artistic sensibility to b^utiful results. Nothing, for instaneet ean be 
more purely scientific than Captain Abney's account of the change 
of the bromide into the sub-bromide by the action of light, and the 
limitation of the activity during development ; nothing more artistic 
than his appreciation of the melodies of shade that ensue (he calls 
them harmonies). 

Although it would be flattery to call this a welUwHtten book, 
there is yet a tone about it that is peculiarly attractive. It betraja 
in every page a most serious endeavour to make a rough road 
smooth, and to rake out into the light all the obscurities and subtleties 
that characterize a complicated subject. You feel immediately you 
begin to read that you are in safe hands. There is an undecorated 
truthfulness in every line which secures your adhesion \ and even in 
passages that you cannot understand without frequent ro'-reading 
you persevere willingly, feeling that no less is due to a teacher who is 
bent on helping you. It will readily be admitted that the attitude 
of the docile pupil is a most pleasant one to assume, and a reliable 
tone on the part of the teacher immediately secures it; but I suppose 
we have all of us at some time been driven to the conviction that it 
is not from the accomplished performerthat the most effective help cad 
usually be obtained by the beginner. The master may too often b6 
likened to a man who in his early struggles ** beheld his natural iaed 
in a glass," and, once having got through them, ^ straightway for- 
getteth what manner uf man he was ;*' so that if he be not endowed 
with imagination or a memory which is Its twin brother, the state 
of helplessness whence he long ago emerged has passed so completely 
from his mind that he is liable to fail signally in conceiving of a 
beginner's difRculties in any thing like their true relative magnitude 
or the true order of their occurrence in his experience. 

For this reason I think it not necessarily immodest for the pnpll 
to rise up in judgment against his teacher, as I am doing at the present 
moment. 

In Captain Abney's book the information Is !to thickly packed and 
is stated with so little emphasis that after reading it through with 
even a decent degree of attention you will set to work with confidence 
and make nearly every blunder which could possibly be made ; and 
then'in the evening you sit down hopefully to see whether the ** handy- 
book " says any thing about your last and most hopeless mess (it is 
essentially unhandy in not having the contents of each page printed 
at the top), and to your delight you find the very case set forth 
fully. You try again next day and again fail, and, very sick, you 
set out to wade through the book again from the beginning ; and the 
fact dawns upon you that you had been reading so carelessly as to 
miss the most essential points. Now of course a ffood pupil ought 
not to do that, and it may be said that he has only himself to blame ^ 
but I am not willing to admit so much : I consider it a fair reflection 
upon the book — not certainly on its information, but upon its writing. 
Man is mortal and cannot be expected to sort out and set in onl«r a 
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parcel of ideiu with which he had no previous acquaintance. This 
is why good writing L» such a priceless gift : it is the cool&ing of in- 
tellectual food so as to make it first palatable, then digestible by weak 
and distracted mortals; and it is matter of continual amazement 
to me that science students of eminence} who have been trained in 
all that demands order and accuracy, should yet be so insensible to 
measure and accent as to stand up, according to their custom, before 
the so-called learned societies and gabble or mumble their speech 
in such fashion that half of it cannot be heard and the other half can* 
not be understood by any living creature ; and then the President 
gets up and invites a discussion ; and a dead silence or a shot quite 
beside the mark is the only result. And truly the secretaries of our 
societies are amongst the worst offenders; and any man may excusably 
say that it is useless to write a paper well when it is to be read off, 
as in one society, by a steam-shuttle> or in another by a mouse 
squeaking through a bag of wool. 

I occasionally listen to one scientific secretary, who when about 
to squeak executes a little apologetic dance like the fluttering of a 
small and lame bird. These are the examples that the Fellows have 
always before their eyes, to our humiliation be it said. I wonder 
whether the introduction of art at the universities will make the 
speech of the next generation more melodious I Possibly the making 
of Latin verses has been mistakenly neglected by the modern boy. 

There is another trivial remark to be made here. It is not 
decent to put beautiful workmanship into miserable material, and 
we ought not to expect a valuable book like this to be sold for half 
a crown. A book from which we may learn an art adapted to 
extend indefinitely our acquaintance with the universe, and to make 
our lives altogether more delightful, ought to be a dainty object to 
keep, not a thing done up in a piece of yellow paper. A small 
cheesemonger in Whitechapel might conceivably present his goods 
in that way. Printer's errors also are needlessly frequent even for 
a cheap book ; but there is another defect that I ought to point out, 
which runs through the whole of both parts, viz. an inconsistency 
in the supposed previous knowledge of the reader. 

For instance, one so ignorant of chemistry as to require to be told 
the atomic weights of the commonest elements, and to have every 
equation written out for him in words, would not be likely to know 
what is meant by a ** halogen.'* A man need not be a dunce because 
he has no conception what is a haloid and what is not. It is no 
doubt always a difficult question how much previous knowledge to 
suppose on the part of your reader, but the standard assumed 
ought to be kept in mind consistently throughout. 

The author's ^' Text-book,'' published by Longman, is better in 
all ways, and should be read by every student ; but to the un- 
instructed reader the grammes and centilitres that are thickly 
scattered over its pages reduce (for all practical purposes) a 
delightfully lucid book to a senseless mass of paper and ink. If 
he doggedly declines to 'Mearn his tables'' afresh he must content 

2b2 
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himself with the *' Handy-books f and thankful he should be too. 
The ** Text-book," however, contains an interesting outline of the 
history of the art which is well worth reading for its own sake. 
Photography is still young and behaves like a gaunt spectre with 
small regard for his votaries. There is no popoW consideration or 
honour attaching to his service. He goes stalking on over the 
whitening bones of philosophers upon whose lives he has fed, and 
who have sacrificed to him all but their dried names, which we are 
beginning to look for in biographical dictionaries. Of them it may 
truly be said, when they retire into the unseen, that ** their worlu 
do follow them/' 

We have seen photography in his infancy in our own time: this 
will be a great age to have lived in if we should see also his maturity. 

There is reason to expect that some of us may do so. He who 
has actually photographed the red end of the spectrum may con- 
ceivably go further and ^x natural images in their true colours. 
Then, I think, we shall have lived to see the achievement of Che 
greatest enterprise yet undertaken in science. It has been aflBrmed 
that photography is the straight gate that leads to a scientific educa^ 
tion. Be this as it may, I believe that as a moral training it is 
unsurpassed. Patience under adversity is always hard to learn ; but 
photography is a master with a winning voice, and whilst learning 
the art you will also learn to use moderate forms of speech. Its 
kingdom is not one that '< suffereth violence." 

John Brett. 



1 



Double Stars for February. 

Thb principal objects from 4^ to 6^ have already been given. The 
following may also be carefully measured. The existing measures 
of one of them, 2 554i are very discordant 

S 3114. R.A 4*^ i", Dec, +39° 51'. Mag. 8, 10-5, 
1864-64 i79°-4 2"-26 Dembowski. 
Binary. Not measured since 1864 probably. 

S S"- B. A. 4^ 7"-8, I^ec. + 58° 29'. Mag. 7-5, 8. 
1870-25 294*'-3 o"-6 OS. 

Binary. Difiicult 



Digitized by 



Google 



1879.] Meteors in February. 845 

S 531. RA. 4^ i4"i, Dec. +55° 22'. Mag. 7-4, 8-6. 
187 1*26 295*^-2 i"*o7 " OS. 
Probably binary. Measures wanted. 

S 535, R.A. 4"* i6«-8, Dec. +11° 5'. Mag. 67, 8-2. 

1877-16 335^-6 i"72 Sporer. 

Binary in rapid motion. In 1829 ^ ^ound the following : — 355^*0, 
i*''96. 

S SS4. R.A. 4'' 23"'3» Dec. + 15° 23'. Mag. 6-5, 9. 

1874-07 i4°-7 i"-29 Wilson. 

A physical system. Difficult to measure well. Common proper 
motion in R.A. +o"-o6i,and — o"-oo3 in N.P.D. 

Joseph Glbdhill. 



Meteor Notes for February. 

Observations a.m. may be made during the last half of the 
month, and p.m. in the interval between the loth and 25th. No 
special showers are due this month ; but there are a few active 
radiante at 158° +29% 180^ +56°, 136° +69°, 75° 4-44°» and 
several of the positions given for last month are continued in this. 
There is also a radiant in Orion seen by Schmidt at 80° + 6° on 
Feb. 28 ; and Zezioli recorded (evening of Feb. 24, 1868), a ^ nume- 
rous movement of bright falling stars, most of them directed from 
the three stars in the girdle of Orion towards Rigel.** He enume- 
rated 23. On Feb. 15, 1869, 8.15 p.m., he also notes /^ many stars 
departed from the semicircle of Ursa Major around 135® +58**; " 
and on Feb. 16, 1868, i6-i6JS he observed a " movement of swift 
stars with long paths from the point 214^ +54% but uncertain, 
owing to the brightness of the Moon." In singular conformity 
with this, he saw (a.m. Feb. 16, 1869) << meteors in Canes Venatici 
and Bootes which seemed derived from 214° +53% but clouds 
impeded each determination.** This refers to the same stream as 
that deduced by Schiaparelli at 209^ + 52% Feb. 14-1 5 (see radiants 
DOS. 35 and 38, S. and Z.)*. A shower at 208° +17^ (near ti 
Bootes), seen by several observers, should also be looked for this 
month and, at the end, a system of slow meteors with a centre close 
to /3 Trianguli (30° +35°), which offers a good accordance with 
the comet of 1764 (Feb. 25, ^^^ +ZZ^y 1'his cometary radiant is 

* Zezioli was a very saooessfal keen-sighted observer ; and one is strack, on 
looking through his Oiktalogue, at the la^ number of meteois he often saw 
during his long watches. 
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well supported bj a stationary meteor observed by Schulhof at Vienna 
*' 33^'^ +36°* 5 on the evening of Feb. 23, 1870. Several radiants 
near the equator, slightly seen by Tupman in 1869, Feb. 14, a.m., 
at 202° -9° 205** +4°. 237"" + 13''» 330'' -7°* and 260^ ±cP, may 
now be re-observed. 

Btoent Ob9ervation9m — Mr. Edwin F. Sawyer publishes (* Science 
Observer,' Nov. 1878) a list of 49 bright meteors (equal to or ex- 
ceeding ist-mag. stars) recorded by him at Cambridge, Mass., 
during the three months July 22-^ct. 29, 1878. Further, similar 
lists are promised, and the accumulation of such materials — the re* 
suit of much assiduous observation — cannot fail to prove of con- 
siderable value. 

On December 21 many slow and several brilliant meteors were 
observed by the writer at Bristol. At 9.33 one >- $ fell from 
13° —5° to 11^ — 19°, and left a short streak of not more than 1° 
for about 7 sec. at the end of its path. Before maximum the 
nucleus became very faint, then suddenly increased to a vivid flash, 
and the streak remained just at the point of greatest brightness. At 
10.9 a slow 2nd-mag. meteor with a bright train of sparks travelled 
through Perseus from the direction of Cassiopeia, and a moment 
later another > ist mag. shot down through Orion from a point near 
/3Tauri. Path from79° +3°to79** —13°; 00 train ; medium speed. 
The latter belonged to a radiant at 79° +25°, which seemed the chief 
shower on Dec. 21-22 this year, and agrees with the Tattrids II., 
though the date is late for them. On Dec. 21, 7.1 1 p.m., a meteor 
s= c^ was seen by the Rev. S. J.Johnson at Crediton, Devon. "It 
took a diagonal course from 20^ below Mira Ceti almost to the 
horizon. Very low altitude. Direction from Taurus." 

At Bristol, after a heavy fall of rain, sleet* and then snow on the 
night of Jan. i, the clouds partly cleared away, and between 6.14 
and 6.34 A.M., Jan. 2 (in a sky fully two-thirds overcast), 14 meteors, 
all of them belonging to the special shower in QuadranSf were 
observed. Evidently this radiant was very active at that time. 
The paths were short and quick, without streaks or trains. Radiant- 
point at about 230° +5i^» but not exactly found owing to the 
clouds and haze through which several of the meteors were indi- 
stinctly seen. Three or four were as bright as ist-mag. stars. 

Dr. N. de Konkoly sends Part III. of the " Observations of 
Shooting-Stars in Hungary," chiefly at 0-GyalIa and Zagr&b, 
during 1877, July 26-Aug. 13. The list includes 240 paths, most 
of them recorded by Drs. Schrader and Weiss at the former ob- 
servatory. On Aug. 10 Dr. Schrader determined a radiant at 32^ 
4-57°, On Aug. II the chief positions were at 44® +60° and 
345^ +17°' The first of these at x Persei is one of several well- 
ascertained radiant-centres of the Perseids. 

W. F. Denning. 
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CORRESPONDBNOE, 

T0 th$ Editor qf'J%e Obienatory: 

The Pulhowa Double-star Observations f 

Sir,— 

I have read with ereat satisfaction in your journal the full 
and very able account, drawn up by Mr. Downing, of my micra- 
metrical measures, published in Vol. IX. of the Pulkowa Observa- 
tions. There are, however, in the paper two suggestions, about 
which I ask your favour tQ insert a few remarks in the < Obser- 
vatory.* 

Mr. Downing complains that I had not made use of the double- 
image principle, and that I had not employed for those measures the 
double-image micrometer devised by Sir G. Airy. I do not wish 
to enter here on a discussion of the relative merits of double-image 
or wire micrometers, and I willingly acknowledge that my admired 
friend the Astronomer Royal has, in a great measure, overcome the 
difficulties that formerlv existed in the double-image micrometer, 
and that he has succeeded in making it an instrument well-qualified 
for measures of highest accuracy. What I want to point out here 
is merely the fact that Sir George's construction dates only ft*om 
1845, and that it was considerably later than 1850 that, on his 
suggestion, the double-image eyepiece was brought to its present 
state of perfection. At this later epoch the greater part of the 
measures published in Vol. IX. were already made. This statement^ 
I expect, will be sufficient to prove that it was much more to my 
purpose to continue on the same method followed until then, and to 
inquire afterwards into the systematiaerrors of this method, than to 
go over to a quite different mode of observation, even if its superiority 
were less questionable than it is in the present instance. 

Further, Mr. Downing advances the supposition that double- 
image measures would be much more free from personal equations 
than those made with the wire micrometer. I confess I do not 
eoneeive on what considerations this supposition is based ; certainly 
it is a supposition that other astronomers would not accept without 
direct experiments. However perfect an apparatus may be in its 
principle, there is no doubt the personality of the observer will 
affect more or less the result to be obtained with it ; and the more 
perfect the instrument is, the more the observer will feel obliged to 
deliver also the results from the influence of his own individuality. 
Consequently if Mr. Downing admits that the double-image micro- 
meter was the superior instrument, he should also admit that the 
struggle with the personal equations inherent to its use would have 
had to be even harder than for the wire micrometer. 

In this respect it is worth seeing what enormous quantity of 
labour Prof. Kaiser of Leiden — to whose observations Mr. Downing 
refers — ^has had to perform with Airy's double-image micrometer 
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before he got a limited namber of ratisfactory obtervatioos for about 
60 doable stars. This number of observations is too small to give 
any law of the systematic errors, with which they might be still 
affected, but it is sufficient to show that at least the measured dis- 
tances are not free from constant errors. Having compared 55 
distances almost simultaneously measured by me, I find in the mean, 
for a distance of 4'^'o, 

K=OS-o''-o79±o*-oi8. 

At the distance of 4'^*o my measures require the mean correction 
of +o-'*i2. Therefore those of Kaiser, measured with Airy's 
micrometer, would be, in the mean, subject to a constant error of 
o"*2o. Certainly this error is not produced by an uncertainty in 
the determination of the value of the micrometer-screw, as greater 
distances do not indicate greater errors in the measures. Hence 
it follows that it might be attributed to the so-called personal 
equation of the observer. 

On this occasion it may be mentioned that already in 1843 I had 
made, in company with my father, a series of measures on certain 
double starswith the h^liom^tre oculai re, constructed for our refractor 
by the late M. Steinheil (Descr. de I'Obs. de Poulk. p. 195). 
Though the i*esults agreed tolerably well with one another and with 
those obtained by the wire micrometer, we soon gave up that method 
of observation on account of the distorted images produced by the 
division of the ocular lens. No doubt to see well is the first cdndi- 
tion of a good observation. 

Mr. Downing wonders also that, having ascertained the fact that 
the position-angles come out correct in the mean of the measures 
made by a great number of observers, I had not acted upon this 
knowledge and had not had the double stars habitually measured by 
several observers. In my opinion this proposition is not practical. 
It seems to have been overlooked that, to ascertain the fact on 
which the proposition is based, it was first necessary to go through 
all those experiments with artificial double stars and to work out 
the introduction. But supposing that it could have been admitted 
d priori that in the mean of a greater number of observers (say 6) 
the human eye measures the directions with absolute correctness, 
then 6 astronomers would have had to do with the same instrument 
the same work that I have done during 40 years. Not to speak of 
the immense waste of power, produced by employing such a large 
staff of observers on the same object, it is evident that instead of 
6000 results we should have had until now only 1000, or that, to 
collect the same number of measures, a space of time 6 times longer, 
t. e, a couple of centuries, would have been required. It ought to 
be noticed also that the fact mentioned applies only to position- 
angles, and that for distances it is by no means proved. On the 
contrary the similitude of the curves of porrection given at the end 
of Vol. IX. for the distances measured by several experienced 
observers with the wire micrometer, seems to indicate that with 
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tbifl apparatus all observers incline to observe the differences too 
small ; and in the case of Prof. Kaiser we come to the same result 
for the use of Airy*s double-image micrometer. 

I avail myself of this opportunity to subjoin the following com- 
munication. On page 157 of the Introduction to Vol. IX. I haye 
expressed our intention to compute ourselves the definitive correc- 
tions to be applied to the published measures according to the in* 
vestigations laid down in the Introduction. I am glad to be able 
to inform astronomers engaged in researches on relative motions, 
that this computation is already performed by M. Dubiago. The 
corrected coordinates will be published in a couple of months as a 
supplement to Vol. IX. I am, Sir, yours faithfully, 

Puikowa. Otto Struve. 

The Figure of the Earth. 

Sir,— 

In the article on the Figure of the Earth, in the < Obser- 
vatory,* for 1879, January i, page 313, line 6 from the bottom, 
there is allusion to ** Archdeacon Pratt's theory, that where the 
crust of the earth is thickest, there it is least dense, &c*' 

So far as I am aware, this theory was adopted by Archdeacon 
Pratt, but did not originate with him. The earliest suggestion of 
it, I believe, is to be found in the ' Philosophical Transactions,* 
i8SS» PP- 101-104. 

The laborious calculations of the attraction of the Himalaya 
mass, and the first inference " that this calculated attraction is far 
greater than is required to explain the disturbance of latitude," are 
entirely the work of Archdeacon Pratt 

I am, Sir, yours faithfully, 
Soyal Observatory, Greenwioh, G. B. AiRT. 

1879, January 3. 

Klein? s Crater near Hyginus, 
Sir,— 

Since the announcement by Dr. Klein of the existence of 
a crater where one had not previously been seen by him much am« 
biguity as regards its place and •character is found in the published 
accounts that have come under my notice. Since June 1877, about 
a month after Dr. Klein first noticed it, from a variety of adverse 
circumstances, I have been unable telescopically to observe the 
Moon's surface, and consequently I have not seen the new crater ; 
but I have carefully compared the published drawings, of which I 
have four now before me. The first published, in oi^er of time, is 
' Lunar Chart No. i ' of the Selenographical Society ; the second 
reproduced from Sirius in the 'Astronomical Register,' November 
1878 ; the third a key-map from a drawing in my possession by 
Captain Noble, dated November 2, 1878, published in the * English 
Mechanic," December 13, 1878; and fourth a drawing by Henry 
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Pratt, dated October 17, iSyS^reprodooed in the 'Obaenratory' for 
JaDuarj 1879. These drawing! differ somewhat considerably intm^ 
se. To my eye Capt Noble's drawing appears to convey the best 
impression of the region in question. I must, however, request the 
indulgence of the rMtder under the circumstance of my not having 
aotualiy seen the locality sinee June 1877. The distinguishing 
feature of Capt Noble's drawing is, that south-west of a line joining 
Hyginus and the extremities of the two ridges bounding Nelson's 
valley i the surface is smooth. As has been already stated else** 
where, Capt Noble did not see the new crater. The drawing best 
oomparable with Capt. Noble's is Pratt's, taken under the previous 
sunset on October 17, 1878, at ii^ Taking Capt. Noble's key* 
map (* English Mechanic,' Dec. 13, 1878) as our guide (which, by 
the way, is the only drawing that furnishes a list of the objects de- 
picted). Pratt represents the western half onfy of Miidler's spiral 
mountain, and in place of Noble's dome-shaped mountain a gemi- 
eratery as if the eastern part of the spiral, with its included moun- 
tain (qu. crater) forming the inner circumvalUtion. was absent. As 
this appearance was presented under the setting Sun, renewed and 
careful observation is necessary to elucidate the differences between 
Noble's and Pratt's drawings* 

There is one remarkable circumstance which characterises all the 
observations hitherto published of Klein's crater,— ^not one observer 
has fixed its position by alignment ; for example, by two lines inters 
secting at the crater and bisecting /our moderately conspicuous ob- 
jeetsi two on each side. If Dr. Klein had adopted this j»iinple 
method of determining the position of bis object much of the (W* 
bigeity and confusion which Mr. Pratt speaks of would have hwix 
prevented. 

Capt. Noble gives (|3, y, and I) a continuous chain, rudely like a 
cornucopia, of which /3 is absent in Mr. Pratt's drawing, but re- 
placed by two peaks ; y and I are very faithfully represented by 
Pratt. 

Nelson's valley i fs well shown on both drawings. Noble has 
two prominent peaks on the northern boundary shown by Pratt, 
who gives three low peaks on the southern. 

in the area north-west of the south-west arm of the great cleft, 
which is quite smooth in Noble's drawing, Pratt shaws a series of 
very iov curved banks, which he says are ^* curiously suggestive of 
waves from Hyginus as a centre of disturbance. Of these I find no 
traces on the maps." It is very desirable that the existence of these 
low curved ridges should be confirmed, also what relation thev may 
have to Klein s crater, if it be any thing different from a shallow 
depression combined with a dark ground marking, as suggested by 
Mr. Pratt. 

The region was observed by Mr. Isaac Ward, of Belfast, on the 
evening oi December 31, 1878, who records a prolongation of 
Nobie s briliiaat valley A , of a curved form, towards the south-west^ 
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wbich would pass among Pratt's low cunred ridges and probably 
cut completelj^ through some of them, 

I am, Sir, yours faithfully, 
JvDnwpj II, 1879. W. B. BjRT, 

The Sun's Corona and Meteor^Streams, 

Sir,— 

Mr. M'Caoce's letter touches a weak point of all eclipse ob- 
serratioos which have hitherto been made. 

We have no decisive information as to the variation of the 
brightness of the corona^ and still less of the intensity of the con- 
tinuous spectrum. The quotations I have given only prove that the 
line-spectrum during the last eclipse was very faint compared to the 
continuous spectrum ; as far as I know, nobody has suggested that 
the continuous spectrum really was brighter. Those who, like 
myself, had not observed the coronal spectrum before were struck 
indeed with the brilliancy of the continuous spectrum. But the 
reason of the surprise is only due to the fact that in reading over 
former eclipse accounts, one was accustomed to consider chiefly the 
line-spectrum, and to pass over the continuous spectrum as of secon- 
dary importance. Professor Young b the only observer who could 
give an opinion as to the relative brilliancy of the continuous 
spectrum during the late eclipse aa compared to that which he ob« 
aerved during former eclipses. As far as I know* he has not 
^one 80^ 

I am writing witliout references ; but, as far as I reoEieinber* Mr. 
Stone 10 1874 observed the continuous spectrum to a greater dis*- 
taooe from the Sun than was done during the ^ate eclipse with in* 
atrnments of even smaller dispersive power. Mr* Janasen, {n 1S71, 
also used an instrument of comparatively large dispersive power* 
when he discovered the dark Fraunhofer lines. The fact that he 
could see dark lines at all shows that tiie spectrum must have had 
aome brightness. I do not mean to say that we have any avidence 
that the continuous spectrum this year was less bright than 00 
former occasions, but we have no evidence to the contrary. 

The question raised by Mr. M°Cance is complicated by the fact 
that only a small part of the continuous spectrum is due to light 
scattered from small particles ; the larger part varies independently 
of the u«raber of particles, and may decrease as this number in* 
creases. 

I should like to state that I consider the eoncludtog paragraph of 
my article simply as -a suggestion which I believed to be worth dis« 
cussing. I am by no means prepared to defend it against all ob- 
jections which might be urged. 

The following considerations, however, may help to put some of 
the questions involved into a clearer light We observe that certain 
phenomena on the Sun's surfaee involving kinetic energy are 
periodic Where d»ea this kinetic energy opme ffO«? li^aa I 
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believe nobody doubts* it is due to a transformaUon of heat into 
energy of visible motion and back again into heat, we know it must 
be attended by the passage of heat from a hot to a cold body. The 
symmetry of the sun-spot area round the solar equator suggests the 
idea that it is due to a flow of heat from the equator to the poles. 
This also, I believe, is generally admitted. But this leads us at 
once to the conclusion that the solar heat is generated chiefly round 
the solar equator, and that this generation of heat is periodic. Up 
to this point we are on absolutely safe ground. It can be proved 
from well-known principles that the energy of the solar cyclones 
must have existed either as energy of visible motion or as 
energy of position ; that is to say, either the Sun is contracting or 
it loses some of its rotatory velocity, or bodies fall into it from the 
outside. And I ask, is it more likely that the first two causes should 
act periodically or that the last does ? But in every case the periodic 
city of Sun-spots proves a periodicity of solar heat. 

I am. Sir, yours faithfully, 

1879, ^^'^ 14- Arthur Schuster, 

Markings on Jupiter. 

Sir,— 

I have read with great interest the remarks on this subject 
from your correspondent C. W. Pritchett, but should like to make 
notes against some of them. On July 9, at 1 1^ the portion of the 
disk more especially observed on the previous occasion, July 6, was 
just passed round the W. limb out of view. When the drawing was 
taken at 12^ 18"" on July 9, the central meridian was nearly 139^ 
distant from that of July 6. At 10^ on July 10 the central meridian 
of the drawing was 67^ distant from the centre of the disk. On 
July 15** I o*^ the central meridian was loo*' E. of that of July 9* 12* 
18"*. The oval pinkish spot of which mention is made was first 
noticed by myself with a 9^ in. With mirror on July 27 ; but it was 
not until September that I commenced a series of observations on 
the planet with any thing larger than 2^ in. From the beginning 
of September until the end of November I kept up a constant watch 
on the planet with a 5^ in. Calver mirror, using mostly a power of 
168. I olMerved the pink patch on nine occasions between July 27 
and Nov. 23. 

Between July 27* 13** and November ii<* 5*»*5, the longitude of its 
p extremity seems to have increased some 24^, which means a proper 
motion eastwards of more than 230 miles per day. But that is not 
all; at 6^-5 Oct. 25, the oval patch was well elevated in the S.tem- 
perate zone, whilst Nov. 11^ S^' 5 >^ ^^^ seemingly <* pushed " the 
equatorial belt some 8000 miles nearer the equator. 

At 1 1^ on July 27, 1 fancied the shadow of Sat. II. was elongated 
£.and W. I was using a 9^ in* With, with 8 in. stop; powers 132 
and 215. 

Hoping you will not consider this an intrusion, 

I am. Sir, yours faithfully, 
BouthamptOD, 1S79, Jan. 13. Framk C. Dbnnett. 
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Jupiter^s Second SateUiie. 
Sib, — • 

It may interest Mr. Tebbutt to know that a letter on the 
oversight committed by Sir J. Herachel and others, as to the eclipses 
of Jupiter's Second Satellite, appeared in the number of the 'Astro- 
nomical Register' for May, 1864 (Vol. ii. p. 108). The writer, 
'* G. H.," gives a list of the authors in whose works he has noticed 
the error in question, and another of those who have not made the 
mistake. 

I am, Sir« yours truly, 
1879, Jan. 18. James L. M'CIance. 



NOTES. 

Are the Elements Compound Bodies ? — Mr. Lockyer's spec- 
troscopic researches in the preparation of his map of the Solar spec- 
trum have led him to the remarkable conclusion that the so-called 
elements are really compound bodies, and that at higher tempera- 
turesy such as we find in the Sun and some of the stars, they are 
broken up into their constituents. In order to compare the solar 
spectrum with the spectra of the metallic elements, it was first ne- 
cessary from the photographs of each of the latter to eliminate the 
lines due to other elements present as impurities. In the course of 
the work (which required more than 100,000 observations of about 
2000 photographs), Mr. Lockyer found that the hypothesis that 
the identical lines in different spectra were due to impurities was 
not sufficient. For in that case, these should have been the longest 
lines of their respective spectra, t. e. those which reach furthest from 
the electrode, extending right across the spectrum, and which are 
therefore the most persistent lines. Now a comparison of one spec- 
trum (iron) with another (titanium) showed that whibt the longest 
lines of titanium were absent in the iron, and that therefore titanium 
did not exist as an impurity in the iron, there were coincidences of 
some of the short lines in iron and titanium ; and these lines Mr« 
Lockyer considers to belong to the common base of the two metab 
iron and titanium. Similar coincidences of short or hcuic lines were 
found in the case of iron and other metals, e.g. uranium, barium, 
cobalt, thallium, didymium, &c. On this theory of a common base, 
the basic lines, short at first, should become longer and stronger as 
the temperature is raised to the point at which the so-called element 
is dissociated, whilst the other lines should gradually fade out. For 
evidence of this ^r. Lockyer turns to the spectra of the heavenly 
bodies, in which we have a descending scale of temperature, viz : — 
(i) the hottest stars (Vega type), showing only H, Ca, and Mg ; (2) 
the Sun, showing H, Ca, Mg, Na, and Fe ; (3) cooler stars, showing 
Mg, Na, Fey Bi, and Hg ; (4) the coolest stars, in which the metals 
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haye entered into chemical combination, and only fluted bands of 
tiie metalloids are seen. 

The spectrum of calcium first engages Mr. Lockyer's attention. 
This con^iists mainly of four lines, one in the red, one in the blue, 
and a pair (the ti^o H lines, or H and K as Mr. Lockyer calls them) 
in the violet. In the comparatively low temperature of the flame, 
the red line is the strongest, in the electric arc the blue now takes 
the first place, whilst in the Sun the lines U and K, faint at the 
lower temperatures, become the most important in the spectrum, the 
red line being weak and the blue line only moderately strong. Thus 
far, however, the changes might, as Prof. Stokes has pointed out, be 
referred to the law that as the temperature is increased, the propor- 
tion of the violet and blue radiations to the red increases ako, so that 
it would not be necessary to suppose that any dissociation has taken 
place. Now the important photographs of stellar spectra taken by 
Dr. Huggins give valuable testimony on this point. Dr. Huggins 
finds that in Altair the line K is only half the breadth of H, whilst 
in Sirius and Vega K is altogether absent. Thus in the hottest 
stars the more refrangible of these two lines, which are of equal in* 
tensity in the Sun, has altogether disappeared. Again Pk*ofi Young 
finds *' that in solar storms, whilst H has been injected into the 
chromosphere 75 times, and K 50 times, the blue line at wave-length 
4226*3, the all-important line at the arc temperature, was only injec- 
ted 3 times." « Further, in the Eclipse of 1875, the H and K lina 
left the strongest reeord in the spectrum of the chromosphere, while 
the line near O, in a photographic r^ion of much greater intensity, 
was not recorded at all." 

After discussing the spectra of iron and lithium, Mr. Lockyer 
comes to that of hydrogen. Under certain conditions of tempera* 
ture and pressure, Dr. Frankland and he had found, in 1869, that 
the spectrum reduced itself to the one line F in the blae*green, and 
that the h line was not visible with low battery and Leyden-jar 
power, and might therefore be looked upon as an indication of high 
temperature. In connection with this, Mr. Lockyer points out that 
eclipse observations *^show that at the time when the hydrogen lines 
were most brilliant in the corona, the calcium lines were not detected; 
next, when, the hydrogen lines being still brilliant, the h line was not 
present (a condition of things which in all probability indicated a 
reduction of temperature), calcium began to make itself unmista- 
kably visible ; and, finally, when the hydrogen lines are absent, they 
become striking objects in the spectrum of the corona." Again in 
a photograph of the spectrum of indium, the strongest line is one of 
the lines of hydrogen (A), the other line of hydrogen (near G). being 
absent, whilst the C line has been observed by eye. Mr. Lockyer 
adds that he has other evidence to show that the substances which 
give the D, and 1474 K lines are really other forms of hydrogen, 
one being more simple than that which gives h alone, and the other 
more complex than that which gives F alone. Thus hydrogen at 
the lowest temperature would show the 1474 K line, with the feeblest 
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spark at lowest pressure the F line, with the spark without jar the 
C and ^^near G " lines, with the jar-spark the A line, in the chromo- 
sphere D,, and in the Sun these various lines integrated as it were* 

Discovert of Brorsbn's Comet. — M. Tempel, at Florence, 
found Brorsen's periodical comet quite close to the horizon on Jan. 
14. It was n./. of the nebula of II. Class, Gen. Cat No. 4900, and 
Was smaller but brighter than it. The position of the nebula is 
R.A. 23** 3" 32", N.P.D. 119** 12'. The comet has thus been found 
more than a month earlier than the date at which Prof. Schulze 
commenced his ephemeris (cf. * Observatory,* No. 20, p. 276), 
and we may therefore expect that it will be well observed at this 
return to perihelion. 



Mr. EllerY writes that an amateur astronomer in New Zealand 
finds a bright-line spectrum in y Argiis. 

Mr. B. Kidd, writing from Bramley, Guildford, mentions that he 
saw Klein's black crater pretty well on Nov. 2, though perhsps 
hardly as dearly defined as Mr. Rand Capron's sketch in last 
Number. Editor* 



Epkemen$ of the two Outer Satellites of Vranue 
{(iuring abeenee of Moonlight), 



Qracnwieh, litania. Oberon. 

midnight. Position. IHstanoe* Position. JOistsooei 

Feb. 14 261*2 S'S 198-3 43'2 

i| 205*1 25-9 191-9 46-5 

10 193-3 34-9 185-0 40-4 

17 182-2 27-5 172-9 26-6 

18 1387 9*8 126-2 11-7 

19 ZV^ 197 43'9 i9'S 

20 16-8 33-3 24-7 35-3 

fti 6-7 31-9 16-5 45-0 

«a 345'2 i6*i 9-1 45'8 

23 229-7 13-0 2-4 37-4 

24 200-9 30'* 34^*3 22-3 

25 190-4 34*4 276-8 xi'i 

26 176-3 22-7 2i6-6 24'l 

Mar. 9 .'. 22'o 29'3 355-1 29-9 

10 10-8 34*5 321-2 14-3 

n 356-9 23'8 233-9 ^^7 

12 282-1 8-6 207-8 32-5 

13 2o8'2 23-9 198-0 43*6 

14 194*4 34'S ipi'i 46-2 

A. M. 
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Astronomical Memoranda, 1879, Feb. lir-March 15. 

Sun. Feb. 14, sets 5* lo", rises 19'' 17"; March 16, sets 6^ 3", 
rises 18** 12". 

EquatioD of time: — Sun after clock, Feb. 14, 14"* 25*; Feb. 24, 
13" 27*; March 6> ii" 30*; March 16, S"* $1*. 

Sidereal Time at Mean Noon: — Feb. 14, 2i''36"-5; Feb. 24, 
22* i6"-o ; March 6, 22'' 55"'4 ; March 16, 23'' 34"'8. 

Moon. New, Feb. 20, 16^; First Quarter, Feb. 28, 20^; Full, 
March 8, i*"; Last Quarter, March 14, i6\ 

Occultations :^— Feb. 26, 7** 45" 26 Arietis Oc. D. 104**; March 
2, 4** 52"' 139 Tauri Oc. D. 65°; March 3, 9'' 19" m Gemin. Oc, 
D. 113°; March 5, ii*' 58" o^ Cancri Oc. D. 353°; March 9, 9"* 
ii"B. A.C. 4201 Oc. R. 251% 12** 17" q Virginis Oc. R. 224^ 
The angles at disappearance (D.) and reappearance (R.) are 
reckoned from the apparent N. point towards the right hand round 
the Moon's circumference as seen in an inverting telescope. 

Mercury is a morning star till March 4, when he is in superior 
conjunction. On March 15 he sets in the W. i^ after the Sun. 

Venus is an evening star, setting i*^ 32"" after the Sun on Feb. 14, 
and 2^ 13"" after on March 15. Her disk is gibbous, the illuminated 
portion being 0*959 on Feb. 14, and 0-916 on March 15, and tha 
corresponding diameters io"'3 and ii"'o. 

Mars is a morning star in the S.E., advancing through Sagittarius. 
Feb. 14, R.A. 18*^ 29'"'3, Dec. 23° 44' S., tr. 20*» 52", rises ij^ i". 
Mar.i6, E.A. 20 2 '9, Dec. 21 22 S., tr. 20 27 , rises 16 20 • 

Jupiter is a morning star, too near the Sun for observation. 

Saturn is an evening star, midway between Q Ceti and 7 Pegasi. 
Feb. 14, R.A. o^ e'^S, Dec. i^ 39' S., tr. 2^ 30", sets S^ 25-. 
Mar. 16, R.A. o 19 -7, Dec. o 13 S., tr. o 45 , sets 6 48 . 

Uranus is in opposition on Feb. 20, midway between Regulua 
and p Leonis. 

Neptune is an evening star, midway between a and /3 Arietis 
and a Ceti. 



Puhlications received: — H. Geelmuyden, Om ZodiakaUyset (Kris- 
tiania, 1878) — Prof. Loomis, Contributions to MeteoroU^ (Amer. 
Joum. 1879, Jan.) — Antoine d'Abbadie, Instrument9 d enqployer en 
voyage ei manihv de s'en servir (FariBy 1878) — Prof. Winnecke, 
Ueb^ einen von Scheiner im April 16 12 in der Nahe von Jupiter 
beobachteten verdnderlichen Stem — C.Todd,^d^uftf Meteorological 
Observations, 1878, Feb., March^ Jpril^J. G. Houzeau, Annuaire 
de rObservatoire Royal de Bruxelles, 1879— &VrtW, Zeitschrfft ftir 
Fopuldre Astronomic, 1879, Jan.i Edited by Dr. Hermann J. Klein 
(Leipzig, Karl Scholtze). 

Editor. 
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THE SOLAE SPECTEUM NEAE D. 

(From Micrometer Measures.) 
ABC Dj Dj 



















Fig. I. Air-spectrum at noon on Oct. 19th. A, B, and are the most persistent of the 
air-lines, if, indeed, they are air-lines. 








Fig. a. 4 P.M., Oct. 19th. 
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Fig. 3. Air-spectrum lines between Oa and D, at 5.20 p.m., Oct 19th. Line 8, between 
D's, discovered 5.45 p.m., 19th Oct. 1878. D, and D3 appeared as shown at 6 f.m. ; 
all the thickening seems to be in D3. Dotted line shows the position of a bright 
streak. 
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Fig. 4. Sunset 



D. 



D3 



Fig. s* Air-lines between D's as usually seen at Sydney at noon. Dotted streak is a bright 
line seen at Sydney, Oct. 6th, 1878. 
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Fig. 6. Sunset. 
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THE OBSERVATORY, 

A MONTHLY REVIEW OF ASTRONOMY. 

No. 23. MARCH 1. 1879. 



ANNIVERSARY MEETING OF THE ROYAL 
ASTRONOMICAL SOCIETY. 

Friday, 1879, February 14. 

Lord Lindsay, M.P., F.R.S., &c., President, in the Chair. 

Secretaries : Mr. J. W. L. Glaisher, F.R.S., and 
Mr. A. CowPBR Rantard. 

The Minutes of the last Anniversary Meeting having been read and 
confirmed, the President put it to the Meeting that Reporters be 
admitted as at Ordinary Meetings, which was carried unanimously. 

The Astronomer RoyaL May I take this opportunity of offering 
for the acceptance of the Society a photograph of a portrait of the 
late Miss Herschel, for which we are indebted to the kindness of 
Lady Herschel ? I believe it will be found to be a very good pho* 
tograph of a very good painting. 

The President, I will ask the Astronomer Royal to convey to 
Lady Herschel the heartfelt thanks of the Society for a photograph 
which I hope will always remain in the Society to remind them of 
one of their most valued Associates, one of the two lady Associates 
of our Society. 

The President, I believe it will be in accordance with the desire 
of most of the Members present that we should take the special busi- 
ness before the mere ordinary formal business of the Meeting ; and 
therefore I will read to you a circular which has been sent to most 
Fellows of the Society. (Tlte Circular having been read) The 
resolution which I beg leave to put to the Meeting is, '' That this 
Meeting approve and concur in a provisional agreement made be- 
tween the Council and Mr. Edward Lee for the conveyance and 
release to Mr. Lee of all the right and claim of the Society to the 
advowsoos of Stone and Hartwell in consideration of the sum of 
^700." 

Sir Edmund Beckett. As a matter of form I beg to second that. 

Mr, Freeman. I should like to be informed by the Secretaries 

VOL. II. 2 c 
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as to the date of the priyate Act of Parliament by which the manors 
of Hartwell and Stone were entailed. 

Mr, Rahyard. I think it is 1832. 

Mr. Freeman. It is quite sufficient if I know that it is certainly 
previous to 1844. 

Mr, Glaisher, It is certainly previous to that. 

Mr. Freeman. May I ask what is the net annual value of the 
Irvings of Hartwell and Stone respectively ? 

Sir Edmund Beckett Mr. Merriman, who has investigated the 
matter, has told us that the net annual value of Stone would not be 
above X3 50; consequently we have got two years' purchase. As 
for the living of Hartwell we have no title to it, so that it is of no 
use talking about it. 

Mr. Fneman. We seem to be selling the living of Stone for 
a very moderate price to Mr. Edward Lee ; but still I quite concur 
in the view that it is undesirable that this Society should have any 
litigation on the matter. No doubt we owe a great deal to the 
memory of Dr. Lee, and under the circumstances we ought not to 
make a hard bargain ; nor will Mr. £dward Lee desire to make a 
hard bargain with the Society. I am very happy to find that the 
Council have taken that action which the circumstances of the case 
seem to demand. 

JRev. Mr. Heaven. I have great pleasure in supporting the reso- 
lution. Having been curate to Dr. Booth for the last sixteen months, 
and being a Fellow of the Society, I tbink I ought to know as much 
about the circumstances of the case as most of the gentlemen present; 
and I can only say that I think the Society do well to get out of the 
living of Stone at the value which has been put down for it. The 
house is in a very dilapidated condition, and sooner or later it would 
have to be rebuilt by the Society. The church also h^s been par* 
tially restored within the last twenty or thirty years, but its roof is in 
a very dilapidated condition. Therefore I Uiink you do well in dis* 
posing of the living, especially as, if you go into litigation with Mr. 
Lee, you will have to pay more than .£700 in law expenses ; there- 
fore I think the Society are well advised in accepting the terms 
agreed upon. 

The Resolution was put to the Meeting and carried unanimously. 

Mr. Gill. I beg to propose that the President's Address be now 
read before we receive the formal Report of the Council. 

Mr. Neison. I beg to second thaU 

The Prendent then delivered his Address on presenting the Gold 
Medal awarded by the Council to Prof. Asaph Hall for his discovery 
and observations of the Satellites of Mars and for his determination 
of their orbits. He commenced by alluding to some of the work 
which had rendered Prof. Hall's name already familiar at the time 
he announced his great discovery to the world : — An examination of 
his writings would show that there are few departments of astronomy 
to which he has not paid some attention, combining the skill of the 
Observer with the labours of the Mathematician. From 1858 to 
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the present time» almost eveiy volume of the ' AiitroDomische Nach- 
richteD * contains notices of his zealous obseryation of minor planets 
and comets, together with elements and ephemerides of many of 
them. 

The early history of Mr. Hall affords a bright example of what 
perseverance and determination may effect in overcoming even the 
most adverse circumstances. Left an orphan at the age of thirteen, 
he was reduced to work for his living, and served for some time as 
an apprentice to a carpenter, devoting his leisure hours to the study 
of geometry and algebra. In 1856 he studied one term und^ 
firiinnow at Michigan University, and then joined the Cambridge 
Observatory, where he determined to make himself so useful that 
they would not care to let him go. In 1862 he was appointed one 
of the Aids in the Washington Observatory, and in the year follow- 
ing was made Professor of Mathematics. In 1863 he published a 
memoir on the Solar parallax from Mars observations at Upsala^ 
Santiago, and Washington, deducing the value 8"*84. This was 
followed by a memoir on the positions of Fundamental Siars, a 
special problem on which he offered some very sound suggestions. 
In 1868 he made a remarkable observation of an occultation of Al- 
debaran in full daylight, when the star was only 8^ 12' from the 
Sun's centre, and the Moon itself was invisible. He also observed 
the Solar Eclipses of 1869 and 1870. In 1870 he published in the 
'American Journal ' an interesting paper on the Secular Perturba- 
tions of the Planets, and the next year one on the Astronomical 
Proof of a Resisting Medium in Space, in which he shows, from the 
investigations of Moller and Oppolzer, that the comets of Faye and 
Winnecke do not by their motions give any indication of the presence 
of a resisting medium such as Encke assumed to exist. It is pos- 
sible» however, that a resisting medium increasing in density in the 
neighbourhood of the Sun would account for the anomalies in the 
motion of Encke's comet without affecting the other two, which have 
a much greater perihelion distance. The most interesting paper 
which Prof. Hall has communicated to the ' Monthly Notices is 
one in Vol. 33 on the Determination of Longitudes by Moon culmi* 
nations, in which he shows that such determinations are liable to 
large constant errors. 

Several other papers by Prof. Hall were alluded to by the Presi- 
dent, and in particular bis determination of the period of rotation 
of Saturn by observations of a bright spot upon the ball, extending 
from 1876, Dec. 7, to 1877, Jan. 2, and an investigation of the form 
of the shadow of the ball of Saturn on the ring, which, as he points 
out, may in a special case be sensibly a straight line*. 

Passing on to the important discovery for which the Council awai^ 
ded Prof. Hall the medal, the President referred in a few words to the 
unsuccessful searches for the Satellites of Mars which had been 
made previously to 1877: — In 1830 Mf&dler searched in vain with 

• C/. Observatory, No. 7, p. 218. 
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a refractor of 3I inches aperture for a satellite, and came to the con- 
clusion that such a satellite, if it possessed the same reflecting power 
as its primary, could not have a diameter exceeding 23 miles, as, if 
larger, it could not haye escaped discovery. Prof. D' Arrest in 1864 
made a search which was again unsuccessful, and, in a paper in the 
Astron. Nachr., he showed that an elongation of 70' would give the 
satellite a period greater than that of Mars round the Sun, from 
which he drew the inference that it is useless to search for a satellite 
at a greater distance than 70'. There is another note on this sub- 
ject, which seems to have escaped Prof. Hall's researches. It is in 
* Stjernehimlen,' by F. Kaiser, translated into Danish by Mathilda 
Oersted, with a preface by D* Arrest, and runs thus : — " That up to 
the present time no satellite of Mars has been found, may possibly 
be owing to the fact that such satellite, from the nature of the case, 
must be very near to its primary, and that any faint star becomes 
totally extinguished and rendered invisible in the immediate neigh-* 
bourhood of the brilliant planet Formerly it was the custom to 
explain the same fact by the contrary reason, viz. by pointing out 
how difficult it must be to find a satellite of Mars at a possibly great 
distance from the planet. However, by reason of the planet's small 
mass, this can by no means be the case." 

Notwithstanding the failures of distinguished observers, Prof. 
Hall, encouraged by his wife, commenced the search, early in August 
1877, for a satellite at a considerable distance from the planet; but 
as all the faint objects examined turned out to be nothing but stars, 
he began on Aug. 10 to examine the region close to the planet, and 
within the glare of light which surrounded it, keeping the disk of 
Mars just outside the field of view. The next night, August 11, at 
14^ 30™, Prof. Hall discovered the outer satellite, but, on account of 
bad weather, it was not till August 16 that he demonstrated clearly 
that it was moving with Mars. On the night following (August 17), 
while waiting for and watching the outer satellite, Prof. Hall dis- 
covered the inner one ; and the last doubts as to the character of the 
faint objects thus found having been dispelled by the observations 
of August 17 and 18, the discovery was officially announced by 
Admiral Rodgers. The appearances of the inner satellite were most 
perplexing, and to quote Prof. Hall's words : — " Still for several 
days the inner moon was a puzzle. It would appear on difiereut 
sides of the planet on the same night ; and at first I thought that there 
were two or three inner moons, since it seemed to me at that time 
very improbable that a satellite should revolve around its primary 
in less time than that in which the primary rotates." To set this 
point at rest. Prof. Hall watched the satellite throughout the nights 
of Aug. 20 and 21, and was satisfied that there was but one inner 
moon, which performed its revolution in less than one third of the 
time of the rotation of Mars, a case unique in our solar system. 

Such, in a few words, is the history of a great astronomical dis-. 
covery ; and it is satisfactory to think that the United States Govern- 
ment has received a reward already for the enlightened munificence 



Digitized by 



Google 



1879.] the Royal Astronomical Society, 861 

displayed in placing so magnificent an instrument in the hands of 
one so capable of using it. 

The labours attending this search by no means ceased with the 
attainment of the object in view ; for Prof. Hall, not merely content 
to publish his crude obseryations, has reduced them, and from the 
results has given the elements of the orbits of the satellites. 

The President then proceeded to describe the methods of obser- 
vation and computation as detailed in Prof. Hall's memoir (of which 
an abstract was given in the 'Observatory,' No. 19), referring par- 
ticularly to his determination of the mass of Mars, which might be 
considered as the most important outcome of his brilliant discovery. 

The President continued :— ^"Various estimations of the brightness 
of the satellites have been made, ranging from the eleventh to the 
fifteenth magnitude in the case of Deimos. With respect to Phobos, 
much uncertainty has been expressed, but at the same time the 
opinion seems to be that it is rather brighter than the outer satellite. 
Your medallist mentions having, on Aug. 17, 1877, observed a fixed 
star which was mistaken for Deimos ; and thinking that a determi- 
nation of its magnitude might be of interest to the Society, I re- 
quested Dr. Copeland, if possible, to observe it, and I have received 
^he following report : — ^ Jan. 16, 1879. Altitude of star 13° + . I 
noted Hall's star as about ii^ mag., not seen in finder. Stars about 
I™ brighter I could see well in the finder. In the 15^ inch the 
star bore illumination of wires well.' The place was roughly deter- 
mined and agrees with Prof. Hall's place within 1**5 and i'*i. Since 
writing this, I have received another observation of the star, in which 
the observation note runs thus: — * Hall's star is quite nth mag. ; 
could be very well seen when running along the bright wire which 
was very well illuminated with the maximum brightness.' Your 
medallist states that this star was a little brighter than Deimos at 
the time he observed it. The above observations are therefore 
confirmatory of this estimation. 

*^ Prof. Hall closes his report by giving data for the computation 
of Ephemerides of the Satellites for the present'year, when JVIars will 
have a comparatively favourable declination, 18^ north. The esti- 
mated brightness on Oct. 10 will be 0*63, and on Nov. 4 0*73, the 
unit being the brightness on Oct. i, 1877 ; and your medallist con-> 
dudes by giving examples of the computation, using the table pre- 
pared for this purpose. 

'* And now, Mr. Ranyard, may I request you, as acting for the 
Foreign Secretary of the Society, to place this Medal in the hands 
of the Minister of the United States, to be transmitted to Prof. 
Asaph Hall as the highest mark of esteem in the gift of the Royal 
Astronomical Society ? Assure him at the same time of the deep 
Interest that we in England have ever felt in watching the progress 
of our beloved science, under the able generalship of our cousins in 
the far West." 

Mr, Ranyard gave a summary of the Report of the Council for 
the last year : — 



Digitized by 



Google 



862 Proceedings at Meeting of [No. 28. 

The number of Fellows had increased from 580 to 590, and of 
Associates from 37 to 40. The Council had to record the loss by 
death of Padre Secchi, Capt. Bailey, E. B. Beaumont, J. Bonomi, 
Rev. J. Booth, J. Carter, W. R. Cooper, Solomon Moses Drach, 
H. 8. Ellis, Rev. C. Gribble, Rey. P. Holmes, H. Johnson, John 
Matheson, Rev. R. Main, H. Mugridge, J. W. Nichol, G. G. G. F. 
Pigott, G. V. Vernon, Sir A. S. Waugh ; and obituary notices were 
given of Padre Secchi, Rev. R. Main, Joseph Bonomi, and others. 

The Treasurer's Report showed that the Receipts for the past 
year were <£i545 (exclusive of a Government Grant of X250, on 
account of Mr. Gill's expedition to Ascension), whilst the Expen* 
diture was £1426. A sum of ^660 had been spent on Printing, 
and £192 on the Library. 

The increasing usefulness of the Library was shown by the cir« 
eumstance that the number of books taken out had increased 20 per 
cent.9 and that the number of Fellows making use of it had also in- 
creased considerably. 

Reports had been received from various Observatories, giving an 
account of the work done during the past year. 

The following points in the Progress of Astronomy were no- 
ticed : — Prof. Newcomb's Researches on the Moon's Motion ; Mr. 
Hill's Researches on the Lunar Theory ; Mr. Darwin's Investiga- 
tion of the Influence of Geological Changes on the Earth's Axis of 
Rotation ; Mr. Peirce's Photometric Researches ; Schmidt's Map of 
the Moon ; Lohrmann's Map of the Moon ; Discovery of Minor 
Planets and of Comets ; Transit-of- Venus Reductions ; Elements of 
Vulcan ; and a very valuable and exhaustive Report on the Progress 
of Meteoric Astronomy during the year 1878 by Prof. A. S. Her- 
schel. 

Mr, Common. I rise to propose that the Report which we have 
now heard read be received and adopted, and that it be printed and 
circulated in the usual manner, together with the President's Address. 

Mr, Freeman. I beg to second that resolution. I would observe 
that we seem to be rather in arrear with our ' Monthly Notices.' I 
have only this morning received the report of the meeting in January, 
and I have had no report as yet of the meeting in the early part of 
this month. I suppose there must be a distinct report of what hap- 
pened then. 

The President I think that complaint had better be made to the 
Post Office. 

Mr. Ranyard. The January meeting was the last one that was 
held. The No. of the Monthly Notices was issued a week ago ; 
and it contains some papers which stood over for some time. It is 
always difficult in making up the sheets to get all the papers in. 

Mr. Freeman. There is no doubt some difficulty ; but I think 
one month after date is a very long time to wait* 

Ihe President. Did I understand Mr. Freeman to say that he 
seconded the proposition ? 
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Mr. Freeman, Yes ; I seconded the proposition. I only offered 
a few remarks which I thought might be useful. 

The resolution was carried unanimously. 

3^ President, I will now call upon one of the Auditors to read 
their Report for the past year. 

Mr, Esdaile^ the senior Auditor, read the Report to the effect 
that having examined the Treasiurer's account and the amount of 
the assets and property of the Society, they found the same to be 
correct ; that the receipts and expenditure for the past year were 
correct according to the Treasurer's statement ; that the balance in 
hand on the 31st of December, 1878, amounted to ^630 8«. iid.\ 
that they found the property of the Society in a satisfactory state,— 
the books and instruments and other effects having, as far as pos- 
sible, been examined and found in a satisfactory condition ; and 
that they had laid upon the table a list of the Fellows who were now 
in arrear for sums due at the last Annual General Meeting. 

1^ PresidenL The next business is to ballot for the officers for 
the ensuing year, and to appoint scrutineers ; and I would request 
Mr. Brewin, Mr. Lecky, and Mr. Heaven to be so good as to act 
as scrutineers. 

Mr, Barrow. I do not know whether I am too late ; but there was 
an observation in the report which the Auditors have just presented 
in which I venture to think they are a little out of form, and they 
do not adopt the precedent of past years. I think that the list of 
the names of those Fellows who are in arrear ought not to form a 
part of their report, because we do not usually publish it. It is a 
separate list, and ought not to be included in their report, our ob- 
ject of course being to avoid printing and circulating the names of 
any gentlemen who are in arrear. 

The President, You will find that the report says that the Audi- 
tors have laid on the table a list ; but it does not, I imagine, neces- 
sarily follow that it is for publication. 

mr, Brewin, Mr. Lecky, and Mr. Heaven were appointed scruti- 
neers by the unanimous vote of the Meeting. 

The following were balloted for and duly elected Fellows :-^oha 
Marshall and R. Palmer Thomas. 

The ballot for Officers and Council was then proceeded with, and 
resulted in the following Yxsii^ President', Lord Lindsay. Fice- 
Presidents : Prof. Adams, Sir G. B. Airy, William Huggios, William 
Lassell. Treasurer I Francis Barrow. Secretaries: J. W. L. 
Glaisher and A. Cowper Ranyard. Foreign Secretary : J. R. Hind. 
Council', Sir £. Beckett, Prof. Cayley, A. A. Common, KDunkiii, 
D. Gill, £. B. Knobel, G. Knott, A. Marth, E. Neison, Capt. W* 
Noble, H. Sadler, Capt G. L. Tupman. 



Digitized by 



Google 



864 The Inventor qfifie Telescope. [No. 28. 

The Inventor of the Telescope. 

No instrument has so wonderfully forwarded our knowledge of the 
secrets of Nature as the telescope. Its invention changed the 
whole science, and problems were solved which no one had ever 
thought of. By its aid \Te have discovered the nature of the 
heavenly bodies, have been able to understand their movements, and 
on it IS founded our insight into the laws that govern the universe. 
It is therefore only natural that the endeavour has often been made 
to ascertain to whom we owe so useful an apparatus ; but up to 
nearly half a century ago there reigned much uncertainty about 
this, and even in our days the handbooks do not agree as to the name 
of the inventor. 

It has been supposed that the telescope was already known to 
the ancients, and was referred to by Greek philosophers. When, 
for instance, Democritus says that the Milky Way is a condensed 
mass of small stars, or when Seneca thinks that there are many 
more planets than those known in his time, it was thought that such 
correct notions could not have been obtained without telescopes; 
but we need only allude to the results that have been obtained in 
the way of philosophical speculation by such men as Kant or Scho- 
penhauer to show that this argument is not worth much. 

An old manuscript, in which Ptolemy is represented with a long 
tube in his hand, at one time gave strength to this hypothesis ; but 
here reference is made of course only to the tubes, formerly so common, 
that were used for excluding the side rays in looking at the stars 
or other distant objects, and in which there were no glasses. The 
use of such tubes is very old. We find them represented on old 
Eastern sculptures, sometimes of the same form which in our days 
the terrestrial telescope has. 

It is certainly astonishing at what results the old nations arrived 
with their insignificant means ; but we must take into account the 
southern situation, the transparency of the sky, and the excellent 
sight of those that made the observations. The Japanese represent 
Jupiter with two moons; but there are among ourselves people 
who can see these with the naked eye, particularly when two are 
near together. It has been thought that the Indians represented 
Saturn by a ring ; but this might mean a crown. It has also been 
stated on more than one occasion that Mercury was seen on the 
Sun; but then at the time the solar spots had not yet been dis- 
covered. We possess old star-catalogues of surprisingly rich con- 
tents; but Kepler's teacher, Mdstlin, could see fourteen stars in 
the Pleiades, of which others discerned only six *. We may be sure 
that an author like Pliny would not have omitted to mention it, even 
among other mere curiosities, if there had been any tradition abroad 
in his day concerning telescopes. Besides, the Chinese, if ever 

* Since this paper was written this mU-known fact has been referred to in 
the No. for January, page %%%. 
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they bad had telescopes, would have preserved the tradition. On 
mere fables we are hardly warranted in founding any hypotheses ; 
and some savants, as Dutens and Pascbius, have gone too far, not 
to mention those who thought that the devil made use of a tele- 
scope when he showed Christ all the kingdoms of the world and 
their glory. 

In the middle ages several authors might seem to hint at tele- 
scopes in some remarks. Thus Baptista Porta, in his 'Magia 
Naturalis,' 1561, mentions lenses with the words "si utrumque 
recte componere noveris, et longinqua et proxima clara videbis." 
He tells us that he communicated his discovery to those of his 
friends that were either near-sighted or far-sighted, and that they 
were well served thereby. Of course be only alluded to common 
spectacles, which were used in the thirteenth century, if not before; 
but it is hardly possible to understand him on account of his mysterious 
language. Already Fracastor and Cabseus had experimented with 
lenses laid one on the other ; and Digges's claims to the invention 
jnay amount to no more. 

Roger Bacon (12x4-1294) has greater claims, though he hardly 
possessed more than the usual lenses. The following are the most 
important of the remarks that have been adduced in favour of his 
knowledge of the telescope. He says that Ca'^ar from the French 
coast, through an optical tube, observed the things that took place 
on the coast of England *, and he says that a knowledge of optics 
is required in making astronomical instruments. Of more conse- 
quence is the following passage of his * Opus Majus ' (Edit. Venet. 
1750, p. 269): — ** Greater things may be performed by refracted 
light, lor from the foregoing principles follows easily that the 
greatest objects may be seen very small, the remote very near, and 
vice versd. For we can give transparent bodies such form and posi- 
tion with respect to the eye and the object that the rays are refrac- 
ted and bent to where we like, so that we, under any angle, see the 
objects near or far, and in that manner we can at a great distance 
read the smallest letters, and we can count atoms and sand-grains 
on account of the greatness of the angle under which they are 
seen; and, on the other hand, we can make the greatest bodies 
nearly invisible on account of the smallness of the angle of vision, 
for the distance has no influence on such observations, only by acci- 
dent, but the magnitude of the angle of vision. Thus a boy can be 
seen as a giant and one man as a whole mountain, and be of any 
size, because we can see a man under as great an angle as a moun- 
tain and as near as we wish. And thus a small army can appear 
very great, a far distant one very near, and vice versd. We can in the 
same manner bring the Sun, the Moon, and the stars further down, 
and to be visible over the heads of our enemies, and many similar 
things, so that a person who did not know the truth would not be 
able to understand it" 

* A similar tradition exists about Ftolemseus Evergetes. 
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We are told that Bacon, on account of h'u knowledge of natoral 
philosophy, and particularly on account of the optical tube he made 
use of, was looked upon as a sorcerer by his ignorant contempo* 
raries, who in hb old age repaid his magnificent labours with four- 
teen years' imprisonment. It is certain, howeyer, that he did not 
actually possess a telescope, as he in this case would have made 
discoveries in the sky ; but it is not impossible that, in these dark ages, 
a great and ingenious idea should have been lost to science ; and 
this point will hardly ever be cleared up. Roger Bacon was pro- 
foundly versed in Arabian learning, from which he derived the 
germs of his philosophy ; but, like all the great men of old, he spent 
much time on researches in astrology and alchemy*. We are 
therefore not entitled to believe that telescopes were known before 
the commencement of the seventeenth century, when they appear 
in the writings of contemporary authors, though these do not agree 
as to the person to whom the invention is due. 

The Capucin friar, Schyrlseus de Rlieita, who invented the ter- 
restrial, after Kepler had constructed the astronomical telescope^ 
tells us, in his work ' Oculus Enoch et Eliae, seu radius sidereo- 
mysticus,' 1645, ^^^^ the telescope was invented in 1609 by a 
Dutch spectacle-maker, Lippensus, elsewhere called Jan Lapprey 
or Hans Lippersbeim, who once looked at the same time through 
both a convex and a concave lens, which he happened to keep at 
the right distances from the eye. He found then that a neighbour- 
ing weathercock looked latter and plainer than with the naked eye. 
Therefore he fixed the glasses in a tube. The Marquis of Spinola, 
who was stopping in Hague, heard about the invention, bought the 
instrument, and offered it to the Archduke Albert of Austria, then 
Spanish governor in Belgium. Thus the matter became known to 
the States, who forced the inventor to sell them an instrument and 
promise not to make or sell more in future. It has indeed been 
proved by Van Swinden that Lapprey has good claims to be consi- 
dered the inventor ; but in the foregoing explanation there must be 
an error, because it has been pointed out that the Marquis of Spinola 
had already left the country in the autumn of 1608. Hieronymus 
Sirturus (De Telescopio, 16 18) and Lahire (M6m. de I'Acad. Royale, 
17 17) mention the invention in the same way« 

Descartes says, in his * Dioptrics,' 1637 : — << This invention, as 
illustrious as it is useful, is, to the shame of our science, due to 
chance and mere trial. About thirty years ago there lived in Alk- 
maer, in Holland, a certain Jacob Metius» who had never studied, 
though both his father and his brother were Professors of Mathe- 
matics. He found his greatest pleasure in making burning-glasses 

* The myBterious speculations of the astrologers were founded on the belief 
that heaven and earth reflected the same idea, the whole of nature being con- 
nected through every single phenomenon. Modern hypotheses remind one 
forcibly of these Bpeoulations, when famines, bank failures, and depression of 
trade are thought to be connected with the cycle of the solar spots, and this 
again with the reyolutions of the chief planets. 
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and mirrors ; and when he was thus once in possession of a lot of 
glasses of different forms he happened to look at the same time 
through two glasses, of which the one was a little thicker in the 
middle than on the edge, and the other thinner in the middle. He 
afterwards fixed them in a tube, and in that way originated a tele- 
scope, from which all the later ones have been made, for, as far as I 
know, nobody as yet has sufficiently explained what form these 
glasses by right ought to have." 

The real name of this Metius, whom also Schott and Harsdorffer 
mention, was Jacob Adriaanz, and he was the fourth son of Adrian 
Anthoniezoon, the well-known mathematician and engineer in 
Alkmaer, who determined the relation between the circumference 
and the diameter of the circle r to be f4f> which up to his time 
had been assumed, according to Archimedes, to be y. Jacob, who 
died about 1630, was an ignorant and eccentric person, but his 
three older brothers were distinguished mathematicians. The oldest 
but one, Adrian, was one of Tycho Brahe's many pupils. He died 
in 1635 as Professor of Astronomy in Franeker. It was he who, 
on account of his assiduity in studying mathematics, got the surname 
Metius, which was afterwards assumed by the whole family. His 
collected works have been published by Bleauw, the famous geogra- 
pher, another pupil of Tycho Brahe. 

Owing to these conflicting statements great uncertainty about the 
true inventor reigned, until the learned Dutch philosopher Van 
Swinden cleared up the question by aid of documents which he 
found in the Dutch libraries. He died shortly after (1823); but his 
researches were published in 1831 by Moll, of Utrecht. Among 
these manuscripts is the copy of a petition sent by Metius to the 
States on the 17th of October, 1608: after assiduous investigation 
he had two years before invented an instrument through which remote 
objects were distinctly to be seen. The one he herewith laid before 
them was made of bad material, and destined merely for trial ; but 
in the opinion of his excellency (Prince Moritz) and others, who 
had compared both instruments, it was just as good as the one a 
citizen in Middelburg a short time ago had delivered. He hoped 
still to be able to improve the instrument greatly, but asked for a 
privilege according to which everybody who had not made the 
invention before, and executed it, was to be forbidden, on pain of 
confiscation and a pecuniary fine, to buy or sell any such instrument 
during twenty-two years. Besides, he asked for a suitable reward. 

The States invited the petitioner to improve the instrument, and 
promised then to reconsider the case; but Jacob Metius took this 
answer in bad part* and was not heard of after. It is said that 
he allowed the prince and one of his brothers, and that only onoe> 
to look through the tube; but his brother Adrian, who, however, 
was never allowed to look through it, speaks well of the instru- 
ment, and attributes to him the same discoveries as Galileo made. 

The above-mentioned citizen in Middelbui^, who already had 
invented the telescope, was Jan Lapprey, who was born in Wesel, 
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but subsequently established himself as spectacle-maker in Middel- 
burg. He solicited the States, as early as the 2nd October, 1608, 
for a patent for thirty years, or an annual pension for life, for the 
instrument he bad invented, promising then only to construct such 
instruments for the government. After inviting the inventor to 
improve the instrument and alter it so that they could look through 
It with both eyes at the same time, the States determined, on the 
4th October, that from every province one deputy should be elected 
to try the apparatus and make terms with him concerning the 
price. This committee declared on the 6th October that it found 
the invention useful for the country, and had offered the inventor 
900 florins for the instrument. He had at first asked 3000 florins 
for three instruments of rock-crystal. He was then ordered to 
deliver the instrument within a certain time, and the patent was 
promised him on condition that he kept the invention secret. 
Lapprey delivered the instrument in due time. He had arranged 
it for both eyes, and it was found satisfactory ; but they forced him, 
against the agreement, to deliver two other telescopes for the same 
money, and refused the patent because it was evident that already 
several others had learned about the invention, which no doubt 
refers to the petition they had since received from Metius. On the 
13th February, 1609, Lapprey got the remainder of the money 
after he had delivered the three instruments all right 

The French ambassadors endeavoured to obtain a telescope from 
Lapprey, but did not succeed, because he would not break his 
word to the States. But a soldier of Prince Moritz's army traced 
out the secret, and learned to construct as good telescopes as the 
inventor. The ambassador sent this soldier, in December 1608, to 
Henri IV. and Sully. On the whole the invention spread rapidly, 
and we know several who a year or two after constructed telescopes. 

Among these were Simon Marius, in Gunzenhausen, and Zacha- 
rias Jansen, the latter of whom for a long time was looked upon as 
9 genuine inventor. Pierre Borel, physician and mathematician to 
the king of France, claimed the invention for him in his work 'De 
vero Telescopii inventore,' 1655. He refers to a number of wit- 
nesses ; but the evidence they gave before the magistrates does not 
agree either as to the time or as to the name. The son of the 
supposed inventor says that in the years of his childhood he always 
heard his father mentioned as the inventor of the telescope, and he 
says that he had constructed a ^mall one in 1590, when the son 
was only five years old. His aged sister attributes also the inven- 
tion to him, but does not remember the time. As far as could be 
gathered from her evidence, however, Jausen did not make tele- 
scopes till after 1610. Two other witnesses speak for Jan Lapprey 
without any mention of Jansen, and another witness knows merely 
that the inventor was called Hans, which is the christian name both 
of Hans Lippersheim and of Hans Jansen. The book contains 
besides a letter from William Boreel, the Dutch ambassador to the 
French Court, who was born in 1591 in Middelburg, and had been 
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on intimate terms with Zacharias Jansen, whose whole family he 
therefore knew. He says that Zacharias's father, Hans, had first 
invented the compound microscope, and presented one specimen to 
Prince Moritz and another to Archduke Albert. The latter he saw 
in 1 6 19 in England at the house of Cornelius Drebbel, of Alkmaer, 
mathematician to King James, who had got it presented from the 
Archduke. He tells us further that Hans and Zacharias invented 
the telescope in 1610, and sold it secretly to Prince Moritz, who 
wanted to use it in the war in which the States were just then im- 
plicated. Meantime the invention became known, and an unknown 
person, who came to Middelburg, went to Jan Lapprey, thinking that 
he was the inventor. Lapprey was an intelligent man, and gathered 
from his remarks sufficient information about the construction of 
the telescope, and many people believed him to be the inventor, as 
he was the first who sold telescopes and made them known. 
Shortly after, however, the mistake was discovered, and Adrian 
Metius, and afterwards, in 1620, DrebbeU who came to Middel- 
burg, went to Zacharias Jansen and bought telescopes. This Dreb- 
bel was a well-known quack at that time, who falsely ascribed thift 
and other inventions to himself, and even as late as 1622 in France 
was supposed to be the real inventor, as appears from Peiresc's 
letters. 

Galileo states himself that he, in 1609, in Venice heard that a 
Dutch artist had constructed an instrument through which remote 
objects were distinctly seen. He then returned to Padua, and in- 
vented there, by pure speculation, in the course of twenty-four hours 
a telescope of the Dutch construction. This cannot possibly be so. 
The analysis was at the time far from being so developed that such 
an it priori discovery was possible, and Galileo's greatness is more- 
over not founded on mathematical genius. According to one of 
his biographers he procured first a number of lenses of different 
kinds. Already in 1609 the telescope was known in northern 
Italy, as can be seen from many letters written at that time, of 
which some even directly mention Galileo's usurpation. Thus G. 
Fuccari writes to Kepler: — "Galileo wants to be considered the 
inventor of the telescope, though he, as well as I and others, first 
saw the telescope which a certain Dutchman first brought with him 
to Venice, and although he has only improved it very little." 
Another says that Galileo had got 1000 florins for life for an instru- 
ment like that which was sent to Cardinal Borghese from Flanders. 
Galileo's first telescope magnified only three times; but by per- 
severance he was at last able to bring the magnifying-power up 
to thirty diameters. 

Fontana's claims are equally unfounded. He asserts that he in- 
vented the telescope in 160S, and produces the evidence of two 
other Jesuits, which, however, merely shows that he was in posses- 
sion of a telescope with two convex glasses in 1614 and 162 1. Fra 
Paolo Sarpi, who was so cruelly persecuted in his old age, until he 
died in 1623 in Venice, is mentioned as inventor both of the tele- 
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scope and the thermometer; but he is said not to have been in 
possession of these instruments before 1617. 

Lastly an author must be mentioned by whom it has been thought 
that the telescope is referred to, and certainly not without cause. 
In a woric * De radiis visus,' by Antonio de Dominis, Archbishop 
of Spalatro, the path which a ray of light follows when it passes 
through a convex and a concave lens placed at a certain distance 
apart is described; but it must be remembered that this work, 
though said to be written long before, was not published till 16 11, 
at a time when telescopes already commenced to be common in 
Europe ; and, moreover, the editor remarks that he had been per- 
mitted to add a few chapters. 

There is therefore nothing td show that the telescope was 
invented by anybody else than Jan Lapprey (Hans Lippersheim), a 
distinguished man, who, moreover, was the inventor of the binocular. 
Hans Jansen appears to have invented the compound microscope, 
perhaps as early as 1600. It might be hard to tell whether the 
construction of the telescope did occur to anybody before Lapprey, 
but it was certainly not made known either one way or another, 
and not even put into practice ; and this circumstance would no 
more detract from the merit of Lapprey than from every other in*' 
ventor before and after. Moreover, the circumstance that the in- 
'Tentor was obliged to work exclusively for government, at least in 
the commencement, might have tended to put him in the shade 
to the advantage of other makers. As for Galileo, it is proved 
beyond doubt that he had not the least part in the invention ; but 
he knew how to use it, and enjoyed it therefore more than the in- 
ventor himself. That telescopes may not have been known to other 
nations in past ages cannot be positively asserted; but there b 
nothing to show it ; and it is an historical maxim that when all the 
facts can be explained in an ordinary manner we are. not warranted 
in assuming any thing out of the usual course of events. 

W. DOBBRCK. 



Notes of an Astronomical Experiment made on the Blue 
Mountains, near Sydney, N.S.W. 

It has long been my intention to try what might be gained by taking 
a large telescope on to the mountains. Some four years since, when 
selecting the Transit-of- Venus stations, I made a hurried trip for the 
purpose of tenting the fitness of the air at Woodford for observing 
the transit of Venus ; my attention was chiefly directed to the state 
of the air during the day, and it proved very satisfactory. I went 
there in June (our winter) ; and although the air during the day was 
remarkably clear and steady, yet an hour after sunset the stars 
became so unsteady that no satisfactory work could be done. 

My objects in making the present trip were : — ^first, to test the 
spectrum, and see if the air-lines between the D lines were the 
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same as at Sydney ; and, second, to test the air with a large telescope. 
There were some questions also about the thickness of our air- 
currents which I wished to get answers to; and, lastly, there was a 
desire that the colony should have some share in answering one of 
the most pressing astronomical questions of the day, viz.. Can any 
thing be done by going on the hills, to improve the performance of 
larpe telescopes ? 

The results obtained by Piazzi Smyth more than 20 years since 
were quite enough to lead to other trials ; yet little has been done 
in a direction which promises so much for physical astronomy. 

I thought it best to go in October, between our winter and 
summer; when it might be expected that the radiation would not 
be great, and I was anxious to get some views of Jupiter before he 
passed away to the sunlight Woodford, 2200 feet high, was se- 
lected, because the supports for the Transit-of- Venus instruments 
were ready for use ; and to a large extent I was influenced by the 
kindness of A. Fairfax, Esq., who placed his country house at my dis- 
posal ; and so made it unnecessary for me to encumber the expedition 
with tents to live in, and all the baggage that must go with them. 

Mr. G. D. Hirst volunteered to go, and I was then sure of en- 
thusiatic assistance. 

I left Sydney on the evening of the 15th ; on the morning of the 
1 6th, at 8 A.M., the observatory (in parts, of course) and the instru- 
ments were left at Woodford by the train, and by the evening of 
that day, and in spite of a steady gale of wind, the observatory was 
up and roofed, and the heavy parts of the instrument were in their 
places ; on the second day we were able to begin observing about 
Boon. 

The instruments consisted of: — (i) the 7|-inch Merz telescope 
with equatoreal stand, clock, driving-gear, micrometer, eyepieces, 
&c. ; (2) a 4|-inch Cooke telescope equatoreally mounted ; (3) the 
large spectroscope having dispersion of 18 prisms of 64°, fine micro- 
meter, and every appliance to render it complete; (4) heliostat 
driven by clockwork ; (5) electroscope, thermometers, &c. 

Of the quality of the 7|-in. telescope I need say nothing more now 
than that it is a first-class instrument, as these results will show, 
and well adapted for the purpose. 

The spectroscope was made by Hilger, of London, and at the 
time (1876) it was considered the most powerful and perfect one in 
the world. 

At 11.30 A.M. of the 17th October I began the spectroscopic 
work, and was at once struck by the clear definition of the lines : 
the gain in clearness over the Sydney atmosphere was very striking ; 
but Uie next moment I asked myself, where were the lines ? instead 
of seven lines between the two D's there was but one, and on either 
side of them, where it is usual to see a host of lines, the spectrum 
was remarkable for their absence. The line D,*, however, which 

* [This IB not the bright line of the chromosphere usually teimed Dg.— Ed.] 
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I discovered in 1877, was visible definitely, but very fine; and on very 
carefully examining the space between the D*8 there was a shading 
such as would be produced by very fine lines, too faint to be seen 
separately. These observations %vere made about noon, and I did not 
again look at the spectrum until near sunset, when a great change 
had come over it. Six lines were visible between the D's and the 
usual host on either side ; they were more clearly defined than I 
had ever seen them before, and as the sun approached the horizon 
they thickened very rapidly. This will be best understood by re* 
ference to the drawings (Plate II.). 

The 1 8th October proved a cloudy day and night, with a light 
easterly wind or sea-breeze. Towards the morning of the 19th, 
the clouds began to break, and soon after 9 a.m. the sun shone out : 
at 10.30 A.M. there were a few passing clouds only; but the sky 
was very white, as it is in Sydney, and looking at the spectrum I 
found six lines between the D*s. The clouds were disappearing 
fast, and by 11 a.m. it was difficult to make out the six lines ; they 
were fading fast ; on either side there seemed to be a shading such 
as was seen on the 17th. At noon the air-lines had faded, and the 
spectrum appeared as in figure i (that is, without air-lines, those 
shown being evidently part of the solar spectrum). At 4 p.m. seven 
lines could be distinctly seen between the D s, and the first set of 
measures were taken. At 5.20 p.m., when the air-lines were getting 
better defined, 20 lines were measured between Ca and D^ where 
only three had been seen at noon ; their positions are shown in 
figure 3 as well as the D lines seen at the same time. After these 
measures had been taken, the micrometer was removed and an eye- 
piece that defined a little better was used ; and now 24 lines could 
be counted between Ca and D„ and for the first time an eighth line 
was seen between the D's ; and just as the sun was setting, the air 
remaining perfectly steady, 26 lines were counted where only 20 
had been measured ; in fact it seemed as if new lines were cumiug 
into the spectrum every minute, and one ceased to wonder at the 
loss of light, when the lines, like so many strokes from a pen, came 
rapidly one after the other, each one definitely blotting out a part 
of the sunlight. 

Another fact was now clearly made out : in Sydney, owing to 
the unsteady air when the sun is near the horizon, it had been 
supposed that the thickening at D^ was all in that line, and that D, 
was lost ; but now it was evident that it was D, which became thick 
and equal to D^, so that only the faintest line of light separated the 
two (see figures 2 & 4). 

While observing the spectrum to-day, a bright band was seen 
between the D*s near line numbered 6. It could not have been an 
efiect of contrast, and was distinctly seen by Mr. Hirst as well as 
myself: the mean of three measures gave me 5893*05 as the wave- 
length. 

On the 20th October the spectrum observations were similar to 
those obtained on the 19th; but it was observed that the line 4 
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between the D*8 (that is, the one always there) seems to get wider as 
the sun sets without getting blacker as the others do, as if it were a 
double line, or that another air-line appeared alongside of it, which, 
with all the dispersive power of the spectroscope, I cannot separate. 
This has been suspected before, but now it is almost beyond question, 
the air is so steady and the definition splendid. 

The mean of three measures taken of the lines between the D*s 
give the following results : the whole space D^ to D, is covered by 
2*655 rev. of the micrometer, and the figures here given represent 
from line to line the spaces measured, by placing the micrometer- 
wires on each line in succession. 
Dj. I. a. 3. 4. 5. 6. 7. 8. Dj. Dg. 

1*336 I '^^^ I '360 I -356 I -203 I -256 I -263 I -346 I -131 I '20t| 

In May 1877 I brought under the notice of the Royal Society in 
Sydney some measures made in Sydney of the lines between the D, 
and compared them with Dr. Huggins's drawing made with the Ox- 
ford spectroscope in 1868, showing twelve lines between the D's, 
and with Colonel Campbell's drawing made in London, and showing 
19 lines ; since then Dr. Hiiggins has sent me a correct copy of his 
drawing, which places the lines slightly different from those in my 
rough copy, but they are still very unlike the lines seen here. Of 
the quality of the spectroscope nothing more need be said, than that 
in London 24 lines were seen between the D*s by the maker of the 
instrument, Mr. Hilger. It is evident, therefore, since the same 
instrument only shows eight lines here, that there is much less of the 
absorptive material here than in the atmosphere of London. Knowing 
the proverbially clear atmosphere of our mountains I was anxious to 
see if there was still less there than in Sydney ; and on a fine clear day, 
with dry wind at noon, all the air-lines in the part examined seemed 
wanting ; but as the Sun descended to the west the lines gradually 
appeared, and when he was near setting, and the vapours therefore 
began to condense about the hills, the lines were seen conspicuously ; 
or if an easterly wind brought the sea air on to the mountains the 
lines could be seen at noon. It would seem therefore that the 
cause of these lines is water vapour ; and if any of the 24 lines seen 
in London are due to gases which are the product of manufacture, 
we in Sydney have so far not contaminated the air in this way, for 
all that could be seen in Sydney are also visible on the mountains. 

The definition of the spectrum lines on the mountains was a sight 
never to be forgotten ; and it is difficult to assign a value for the 
gain, but it cannot be less than 50 per cent. ; the lines seemed so 
* hard and definite that there was no difficulty in measuring or in 
dividing close lines that under other circumstances could not have 
been done. 

With regard to the telescopic work the gain was fully equal to 
that recorded with the spectroscope, and there were many excla- 
mations from the observers about fine definition. In observing the 
stars during the day for adjusting the equatoreal we had abundant 

VOL. II. 2 D 
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proof of the good quality of the air ; the sharp clear disks gave 
conclusive proof that the air was perfectly steady. At night what 
seemed most striking at first was the perfect blackness of the sky : 
the planets seemed as if hung in space where there was nothing to 
reflect light but themselves ; but as one looked, the perfect clear- 
ness and good definition gave us views of Jupiter such as, I think, 
I never saw equalled in Sydney with the large reflector of i i^in. 
aperture ; there was such an amount of detail that the eye scarcely 
had time to take it all in before the scene changed by the rotation 
of the planet. As to drawing it, that was quite out of the question. 
Mr. Hirst and I both tried, but the drawings only show a fraction 
of what we saw. It was just before and after sunset that the air 
seemed so perfectly steady ; later in the night there was a little 
motion, but nothing like so much as I had seen in the winter at the 
same place. 

I had selected some severe star tests: the companion to Rigel, one 
of the flrst found with a six-inch telescope, and only made certain by 
one of i8J. We were very anxious to try what a first-class 7^ inch 
would do in the mountain air. With all powers over 400 the closest 
of known double stars was clearly elongated, and with 800, the 
highest power we had to use, it was in moments of best definition 
divided, though the distance cannot be more than | of a second ; 
with this high power Rigel presented a hard sharply defined disk, 
suflicient proof of the telescope and the air. 

Rigel and companion were examined again on the 20 October ; 
and Mr. Fairfax, Mr. Hirst, and myself independently assigned the 
same position-angle, namely 64°, and in Sydney the same angle was 
recorded when observing with 11^ inches. At the time I had not 
Mr. Burnham's measures to refer to, and was not a little surprised 
when I saw that he made it 179^. 

Many other stars were examined, a Indi had been suspected in 
Sydney, but at Woodford he was unmistakably single. On the 17th 
avery beautiful double star not in Herschers list was found, R.A. 
21^ 28'», and Dec. S. S;^^ 20', magnitudes 9 and 10, distance 2"*829 
angle 112° 10'; larger, white; smaller, bright blue. 

Herschel's double 5326 cannot be found; there is no such double 
in the place assigned. 5221 in Herschers list: angle is given 124^ ; 
it is now only 49°'i8, and distance io>''*29. Herschel's 5132 : angle 
is 180° in error ; it should be 312^. Herschel's 3419 : colours not 
mentioned by him ; as now seen, large star greenish yellow, and 
companion copper-red. At R.A. 18^21", Dec. S, 66"^ 22', I found 
on 13 August, 1873, a very pretty double star; large, yellow ; smaller, 
blue ; distance and angle, then 5' '02 and 295^*14 ; distance measured 
at Woodford 3"79, and angle 288^ 43', so that there appears to be 
decided motion. At R.A. i*" 34", Dec. S. 56° 41', a fine double ; 
both, yellow and 7tb magnitude; distance 6"'28, angle 235^ o'. 

Some time was given to Saturn ; but he is by no means in a good 
position for observation just now; the dark black line which I first 
saw some four years since as a faint black line at the edge of one of 



Digitized by 



Google 



1879.1 on the Blue Mountains. 876 

the belts has now become a conspicuous object even in a small tele- 
scope. The only observation worthy of note here was that the ring 
could be seen some distance on to the limb of the planet by its 
superior brightness. 

On the afternoon of Oct. 20 the third satellite of Jupiter was 
seen in transit as a black body, small and well defined ; as it neared 
Jupiter's limb the blackness seemed to get hazy as if it were seen 
through a mist; and at 7^ 27"* p.m., Sydney mean time, I lost sight 
of it. Four minutes later it was detected as a small bright bulge on 
the limb of Jupiter, which looked brighter than the surface of the 
planet. At 7^ 36^40* egress was complete, and there was nothing 
about the appearance of the satellite then that would have given 
rise to the suspicion that it was black a few minutes before. 

During the daylight hours Mr. Hirst employed a part of h\fl 
time looking up Venus near the Sun, the Sun itself, and many other 
objects, of which very fine views were obtained ; but the only ob- 
servation that I would here place 011 record was made on the 
morning of the 21st October at 9 a.m., when, on looking at the 
Moon, he found that a large part of it was covered with a dark 
shade quite as dark as the shadow of the earth during an eclipse 
of the Moon ; its outline was generally circular and it seemed to be 
fainter near its edges ; conspicuous bright spots on the Moon could 
be seen through it, but it quite obliterated the view of about half 
of the Moon's terminator (or thai part where the sunlight ends), 
while those parts of the terminator not in the shadow could be very 
distinctly seen. I should estimate the diameter of the shadow 
from the part we could see on the Moon as about | that of the 
Moon. 

This is one of those remarkable facts which being seen should 
be recorded, although no explanation can at present be offered. 
One could hardly resist the conviction that it was a shadow; 
yet it could not be the shadow of any known body, and if produced 
by a comet it must be one of more than ordinary density, although 
dark bodies have been seen crossing the Sun which were doubtless 
comets. No change in the position of the shade could be detected 
after three hours watching. 

The attempts made to determine the thickness of the air-currents 
did not give any satisfactory information ; the greatest altitude 
reached with a kite (1000 feet) did not get through the N.W. current 

In this short account I have omitted many things of interest, and 
will only now say that for some weeks before I went on the moun- 
tains the weather at Sydney had been very unfavourable for ob- 
servation ; and during the time I was at Woodford it seemed the 
same. The nights fine on the mountains were fine in Sydney ; yet 
there was no improvement in the quality of the air; so that the great 
gain experienced at Woodford seems only to be accounted for by the 
fact that we were 2200 feet above Sydney, and therefore avoided so 
much of the worst part of the air nuisance. 

X878, Not. 26. H. C. KUSSELL. 
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Stationary Meteors. 

The following stationary meteors have lately been recorded by me 
during some regular period of watching at Cambridge, Mass., 
U.S.A. As they are often of value in determining the exact radiant- 
centre of a meteor-shower, especially when the shower is a feeble 
one, particular attention should always be given to noting as accu- 
rately as possible their positions. 

' I find as a general thing that they are not of frequent occurrence, 
but it will be noticed by the list given below that an unusual number 
were recorded during the month of October. When accordant 
meteor-showers could be found in the catalogues accessible to me I 
have inserted the same for comparison. 

I. Sept. 29th, =ist mag., at R.A. 15% +3° visible one second ; 
orange ; position approximate. 

II. Oct. ist, =4th mag., at R.A. 8°, +15°, quite accurately ob- 
served. 

III. Oct. 20th, =2nd mag., at R.A. 355**, +12^°, visible one 
second; position accurate. Schmidt records a shower at R.A. 
;347% +14°, Oct. 18-27. 

IV. Oct. 2 1st, =4th mag., at R.A. 39°, —18°; position approz- 
.imate. Schmidt, Oct. 19-27, at R.A. 34°, —14°. 

y. Oct 22nd, >'ist mag., at R.A. 24°, —1°, seen through haze, 
'apparently stationary ; visible one second. Schmidt, Oct., at R.A. 

.27^ -1°. 

VI. Oct 29th, =2nd mag., at R.A. 31°, +13^°; position accu- 
rate. Denning, Oct 28-Nov. 13, 1877, at R.A. 30°, +16°. Tup- 
man, Oct. 13th, 1869, at R.A. 28°, +10°, accurate. 

VII. Nov. 23rd, =4th mag., at R.A. 54°, +9°, accurately ob- 
served. Schmidt, Dec, at R.A. 55°, +5°. Greg's Catalogue, 
1876, Dec. 5-25, at R.A. 53°, +Io^ 

Edwin F. Sawyer. 



Flammarion's Catalogue of Double Stars. 

The want of a work on Double Stars, in which should be collected 
and discussed the obaervations hitherto scattered throughout various 
scientific publications, has been long felt. Admiral Smyth's 
' Celestial Cycle * has been long out of date and out of print, and our 
knowledge of double stars has of late years increased so enormously 
that this book would not with any reasonable amount of revision 
serve even as a basis for the work that is so much wanted. Sir John 
Herschel, it would seem, after the completion of his Descriptive 
Catalogue of Nebulae, had it in mind to form a grand catalogue of 
Double Stars, with a discussion of all the known observations of 
each ; but he was not spared to finish his gigantic task, though he 
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had completed the '* Synoptical History'* of 4000 out of the 10,000 
stars in his Catalogue. After his death, the bare catalogue of 
approximate R.A.'8 and N.P.D.'s was published in the * Memoirs of 
the Royal Astronomical Society/ but without the slightest indica- 
tion of the position-angles, distances, and magnitudes of the objects, 
and thus the work is absolutely deficient in that which most concerns 
the practical astronomer. The Synoptical History of the 4000 
stars remains in manuscript in the hands of the Royal Astronomical 
Society I Under these circumstances we cannot but feel grateful to 
M. Flammarion for having so enthusiastically taken up this im* 
portant task, to which he has devoted five years of hard work. 

On attempting a discussion of the nature of double-star systems, 
M. Flammarion found himself stopped on the threshold by the com- 
plete absence of statistics. The questions which presented them- 
selves as to the proportion of optical, orbital, and physically asso- 
ciated couples could only be answered by a detailed examination of 
each one of the 1 1,000 double stars hitherto discovered, and a dis- 
cussion of more than 200,000 observations made on them. This 
work he resolutely undertook. 

From the Introduction we learn that the present catalogue forms 
the second part of a work on Double Stars, which will appear shortly, 
and contains all the Double and Multiple Stars which appear to be 
certainly in relative motion. These groups number 819, of which 
73 T are double, 73 triple, 12 quadruple, 2 quintuple, and i sextuple, 
and in the catalogue are given some 14,000 complete measures of 
these objects. Amongst the couples which have been most fre- 
quently observed, M. Flammarion cites y Virginis, of which 200 
measures have been made in 160 years, since the first observation 
in 17 18, ^ Cancri measured 300 times, Castor and i Ursae Majoris 
each 200, and a Centauri first recognized as a double star in 1689. 
It is a fortunate circumstance that the principal couples were all 
measured by Sir W. Herschel about the year 1777, so that for a 
considerable number of stars we have a whole century of observa- 
tions. 

At the very commencement of his work M. Flammarion was 
stopped, in the case of a large number of couples, by the insufficiency 
of the observations. To remedy this he enlisted the assistance of 
a number of observers, chief amongst them being Messrs. Gledhill, 
Wilson, Seabroke, Burnham, and Dembowski, and finally completed 
the work himself with the aid of the 15-inch Equatoreal of the 
Paris Observatory, which Le Verrier placed at his disposal at the 
end of the year 1876. The object-glass of this instrument being 
defective M. Flammarion was usually obliged to stop it down to 10 
or even to 8 inches. This series of measures of about 130 stars 
which had been neglected in recent years is given at the end of the 
Introduction, and is interesting as being the first which has ever 
been made at a French Observatory. 

The arrangement of the Catalogue itself leaves nothing to be 
desired. It is a perfect model of clearaess combined with economy 
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of space. The latter is a very important consideratioD where such 
a mass of observations have to be presented, and M. Flammarion 
has only been able to meet the difficulty by^the use of somewhat 
small type, and by printing in triple column. Thus the whole work 
is kept in the reasonable compass of 200 pages octavo. For each 
star the name is given together with the number in W. or O. 
Struve's Catalogues, and the class and number of W. Herschel. 
This is followed by the R.A. and N.P.D. for 1880 in the second 
line, and the magnitudes and colours of the components in the third 
lice. After these preliminaries come the measures of position angles 
and distances, with the dates and the observer's initial. The obser- 
vations are then carefully discussed and a summary of the history of 
each couple is given, the character of the motion, whether orbital, 
rectilinear, or merely an effect of perspective, is indicated, and the 
grounds given on which M. Flammarion has based his conclusion. 
Each of the coupler has been made the subject of a geometrical 
diagram, which has served to decide whether the motion is curvi- 
linear or rectilinear, and to give its direction and velocity. To 
complete this investigation satisfactorily, M. Flammarion found it 
necessary to form a new catalogue of proper motions, which is now 
in the press. He had also commenced the calculation of the orbits 
of the principal binaries by a graphical method ; but Dr. Doberck's 
exhaustive investigations in this field (of which the results were 
given in the ' Observatory,' Nos. 16, 17, 18, and 19) rendered this 
unnecessary. M. Flammarion has therefore simply given the 
elements as found by Dr. Doberck. 

M. Flammarion appears to have taken great pains to collect all 
accessible materials and to bring his work up to the most recent 
date. Many observations came in while the Catalogue was in the 
press, and those that were too late to be included in the body of the 
work are given at the end under the head of " Additions." Thus 
we may consider that IVf . Flammarion in this book presents all the 
measures that have been made up to the middle of 1878, in a form 
which is remarkably convenient for reference. 

The Catalogue is followed by 'a classification of Double and 
Multiple Stars, which is, in fact, the pith of M. Flammarion's work. 
The statistics thus collected are of the highest importance as a 
gronndwoiic for any physical speculations on the constitution of the 
universe. M. Flammarion thus describes what he has done: — 
^This natural classification of donble stars in motion shows: — 
I. Systems certainly orbital, classed with reference to the observed 
velocity, according as they have completed, since the date of dis- 
covery, a whole revolution, three fourths of a revolution, half, a 
quarter, 45^, 20% or still less; 2. Systems probably orbital, in 
diminishing order of probability ; 3. Physical systems in which the 
observed relative motion is rectilinear ; 4. Ternary stars ; 5. Triple 
stars not ternary ; 6. Quaternary stars ; 7. Quadruple stars ; 8. 
Optical groups; 9. Undetermined systems; 10 and zi. Maxima 
angular distances observed in systems certainly orbital and probably 
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orbital; 12. Stellar systems with common proper motion in which 
the relative motion is rectilinear or zero ; 13. Minima distances, 
and 14. Maxima velocities, observed in optical groups; 15. Direc- 
tions of motion in orbital systems. It will be remarked, as regards 
the last point, that there are more systems in which the motion is 
retrograde, t. e, which turn in the opposite direction to the numera- 
tion of degrees and go from north by west to south, than there are 
systems in direct motion which turn in the direction east-sou th- 
West-nortb. There are also a great number of which the plane 
passes through the Sun, or which are much inclined. I have added 
to this classification physical couples of which the components have 
a common proper motion, but remain fixed relatively to each other. 
There are 558 systems certainly or probably orbital, 317 optical 
groups, 17 physical systems of which the components move in a 
straight line, 23 ternary systems, 32 triple systems formed of a 
binary system, and an optical companion, &c. &c,'* 

From M. Fiammarion's statistics it appears that the binary of 
shortest period is 2 Equulei, though after 25 years of observation 
it is not yet certain whether its period is 7 or 14 years. The plane 
of the orbit passes through the Sun, and the semi-axes major is only 
o''*4 ; hence the difficulty in this couple. A still more difficult 
object is 2 3130 Lyrae, with a period of about 16 years and a semi- 
axis major of only o"'25. Amongst the binaries which have com- 
pleted one or more revolutions during the period of observation, 
a Centauri is that which has the largest semi-axis major, viz. 2i"'8o, 
with a period of 85 years. There are 13 stars in this group, 5 in 
the second (270° to 360° described), 10 in the third (180° to 270°), 
15 in the fourth (90° to 180°), 21 in the fifth (45° to 90°), 92 in 
the sixth (20° to 45^), and 202 in the last group (less than 20°), 
making a total of 358 couples which M. Flammarion considers to 
be certainly binary. On the whole this classification represents 
fairly the relative rapidity of motion, though some few stars appear 
below their proper place from the circumstance that the discovery 
of their duplicity is of comparatively recent date. A notable 
instance of this is the remarkable star ^ Delphini, discovered by Mr. 
Burnham only 4 years ago. Its two components are of fourth and 
sixth mag. at a mean distance of only o"'4, and the period appears 
to be about 30 years, so that this star would rank as the fourth in 
order of orbital velocity. 

Perhaps the most remarkable result of M. Fiammarion's researches 
is that there are certain couples physically associated for which 
the relative motion is rectilinear not orbital. The most interesting 
case is that of 61 Cygni, the two components of which are known, 
by researches on their parallax (cf. Dr. Ball s investigation, « Obser- 
▼atory,' No. 17, pp. i37-i4o)» to be at the same distance from the 
Sun, so thai this cannot be a mere optical couple, an hypothesis 
which is further negatived by the large proper motion common to 
the two stars. But notwithstanding &eir evident physical assocla* 
tioni M. Flammarion finds, from a discussion of the whole series of 
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observations — 135 in number, extending from 1753 to 1878, with a 
change of 80° in the position-angle — that the relative motion is 
along a straight line. This conclusion was first announced in 1875, 
and is one of great importance. M. Flammarion now gives 8 
systems in which he considers that the rectilinear motion is certain, 
and 9 more in which it is probable ; but the evidence, except in the 
case of 61 Cygni, is far from conclusive, the observations being in- 
sufficient and the change of position-angle small. Of the 23 
ternary systems there are 5, viz. Z Cancri, 2 2481, e Equulei, 
2 2749, and ( Scorpii — in which the orbital motion of both com- 
panions is certain. As bearing on the probability that a given 
couple forms a physical system, it is interesting to note that the 
greatest distance observecl in a known binary is 22'' for a Centauri, 
whilst the least distance in an optical group is 2"'6 for 2 15 16. 
Amongst his various classes, M. Flammarion calls attention to 14 
Stellar systems (with their components more than i' apart) which 
have a common proper motion and appear to be physically asso- 
ciated. 

As a supplement to his researches on Double Stars, M. Flam- 
marion gives a list of 13 Double Nebulee in which a relative move- 
ment is indicated with more or less certainty by the observations. 
Several of these have been made the subject of special investigations, 
more particularly the Trifid and the Horseshoe Nebulas, by Prof. 
Holden (cf, 'Observatory,' No. 12, p. 406), and a useful summary 
of the results is given by M. Flammarion. Such delicate ques>tions 
can only be settled by systematic observation, and M. Flammarion 
does well to call the attention of astronomers specially to these 
objects. 

The usefulness of the work to which M. Flammarion has devoted 
so many years can hardly be over-estimated. Of late years the 
interest in double stars has somewhat flagged, though there are 
abundant signs on all bands that it is now reviving. Thus a large 
number of interesting couples had been sadly neglected, probably 
for want of information about them. M. Flammarion's work, by 
showing what has been done and pointing out what remains to be 
done, will at once stimulate the activity of observers and guide it 
into the proper channels. At the same time his analysis of the 
materials collected and classification of the results lend a new 
interest to the subject Editor. 



Double Stars for March. 

The following is a list of the principal objects from R.A. $*" 34" 
to 7*^ 33". 

S 881. R.A. 6^ n"»-4, Dec. +59** 26'. Mag. 6*4, 7-9. 

Colours, white. Variable in colour? Binary. Not measured 
since 1869 ? 
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1869*5 95*4 o"*8S Derobowski. 
79*1 95*1 Gledhill. 

OS 140. E.A. 6^ i9»-7, Dec. +15° 36'. Mag. 7, 9*5. 
Colours, A blue. Probably binary. 

1867*52 119^*6 3"'04 Dembowski. 

S 932. R.A. 6^ 27»*5, Dec. +14*' 52'. Mag. 8*2, 8*3. 

Binary. o 

1876*10 332*8 2-33 Hall. 

78*09 33i'5 2*11 Doberck. 

S 948=12 Lyncis. R.A. 6^ 35"'6, Dec. +59° 34'. 

Mag.: A 5*2, B 6*1, C 7*4. Colours, A B greenish white, 
C bluish. 
A fine ternary star. 

A B 1876*23 i3o°o i"*4 ± Gledhill. 
•10 130-1 Doberck. 

A C about 305°, 8"*3. 

1876*10 305^*4 „ 



SiRIUS. 

R.A. 6^ 39"7, Dec. - 16^ 32'. Mag. i, 9. 

i877'25 53°'4 io"-95 Hall, 

According to the elements of the last orbit computed by Auwers 
the angle for 1878 was 58^*4 and the distance io''*o. 

The Washington observers give recent measures of the distant 
small star : — 

1877 ii4°'9 72"*09. 

This is the faint object discovered by Lassell in 1865 ; angle abou. 
120° and distance about 6o". 

2 982. R.A. 6^ 47»-3, Dec. +13** 19'. Mag. 5-4, 7-7. 

Colours, A yellowish, B bluish. Binary. Common proper motion 
+o"*04 in R.A., and +o"*o6 in N.P.D. Probably variable. 

1876-10 i63°-8 6"*37 Hall. 
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S 1037. R.A. 7'' 5"'3» I)«c. +27° 26'. Mag. 7-1, 7-1. 
Binary. 

1876-10 3ii°-8 i"-26 HalL 

S mo = Castor. R.A. 7*^ 26"-8, Dec. +32° 8'. Mag. 27, 37. 

Binary. 

AB 1877 2346 5'53 Sporer. 

78-1 235-1 5-55 Doberck. 

79-1 233-9 5*57 Gledhill. 

AC 1877 1633 73*2 Flammarioo. 

79 164*0 Gledhill. 

The small star C, probably discovered in 1776 by C. Mayer, 
appears to form part of the system. 

Procyon. 
R.A. 7*^ 33^ I>ec. +5° 31'- Mag. : A i, E 11, F 8, G 8, H 7. 

O H 

A E 1877*17 3i3"3 41*0 Flammanon. 

AF -17 8o*5 346-5 „ 

AG '17 286*4 371*3 , „ 

A H -17 96*8 652-0 „ 

E is the old companion. F, G were first measured by Powell. 
G was discovered to be double by Bird in 1864, and, independently, 
by Burnham and Dembowski. The Washington observers have 
added the following (magnitudes about 10) : — 

o n 

B 10 6 

C 36 8-8 

D 50 10 

Joseph Gledhill. 



Meteor Notes for March. 

The interval from the 17th to 31st is available for a.m. watches 
and from the nth to 26th for p.m. watches. There do not appear 
to be many radiante hitherto observed this month, but that is ex- 
plained by the paucity of observations. We especially require a.m. 
watches directed eastwards. There is a good shower at about 
249° +49° (between 17 Herculis and n Draconis), and at 283° — 14^ 
The Draconidsl. (263° +50*") come into play on the nth; but 
Mr. Greg notes that since 1870 this shower has probably been 
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waning. Badiants at 147° +47°, 265° +23^ 277° +25°, 223** 
+ 42°, and 192° —2° should also be looked for during this and the 
ensuing month, into which they are apparently continaed. Zezioli 
noted in 1868, March 26, 8.15-9.40 p.m., *'6 stars derived from 
Castor and Pollux in various directions; also 11 from the region 
of the point 136° +5oi°." Fireballs should be expected on the 
first four nights, especially on the 2nd and 4th. 

Recent Observations. — Referring to the unusual frequency of 
meteors on December 21, noted in last month's 'Observatory' 
(p. 346), Mr. V. Cornish, of Debenham, writes : — ** I was using my 
telescope in a S.E. direction that night, and noticed the meteora 
were much more numerous than usual. At 7.45 one = Rigel passed 
from 8iJ^ —2° to 79° —5°; but as I had to turn round I probably 
did not see the whole course. At 8.33 a meteor =a Tauri came 
from the direction of Taurus, and left a fine streak in Eridanus. 
At 8.46 two small meteors were seen with slow, short tracks. The 
first (4th mag.) travelled from 117'' +23° to ii8J° +23^°; the 
other (5th mag.) burst at ii.6J° +22^° after a path of only is'+y 
80 there may be a radiant 1° n,p. ^ Geminorum." 

On January 15, 10.57 p.m., a fine meteor > $ was seen at New- 
castle-on-Tyne. " Path about 2° E. of /3 Ursae Majoris to the PrsB- 
sepe in Cancer. It left a streak like a thin line of vapour (stretched 
from a point above the large stars of Leo), which lingered for 2 or 
3 seconds." Radiant probably in Draco, near a or B, but it is 
extremely hazardous to assign the centre from a single observation. 

The Taurids II. seen by Mr. Sawyer on Nov. 26-29 C Obser- 
vatory,' p. 339) confirm the early display of that shower, traced by 
the writer in 1876, on Nov. 22-27, a.m. The radiant certainly 
endures a month. The position at 25° +26^ determined by Mr. 
Sawyer is identical with one of Heis's long-continued centres, 
namely G^, 24° +27^ 45 meteors, Oct. 17-Nov. 30. The shower 
near a Aurigee (76® +4^*') was also well seen by Heis at 74® 
+45^ 38 meteors, Dec. 1-15. 

W. F. Denning. 



.CORRESPONDENCE. 

To the Editor of * The Observatory: 

The Pulkowa Double-star Observations. 

Sir, — As M. Struve has honoured me by making some remarks on 
certain suggestions made by me in my account of Vol. IX. of the 
* Observations de Poulkova ; ' and as one of the questions raised by 
him is a point of some importance, I must ask you to allow me» 
though I am reluctant to spend any portion of my somewhat limited 
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leisure time in writing any thing of a controversial nature, to make 
a few remarks in reply. First of all M. Struve appears to have 
made some mistake as to the date of the construction of the double- 
image micrometer. I find a description of the instrument in the 
Introduction to the ^ijfreenwich Observations' for 1840, and I 
remark that the Astronomer Royal there states that '* an eyepiece 
of this construction is particularly advantageous for the estimation 
of the distances between the double images. . . . The angles are 
also observed, as I believe, with great accuracy." M. Struve, when 
giving 1845 as the date of construction, no doubt refers to the de- 
scription of the double-image micrometer contained in Vol. XV. 
Mem. R.A.S. ; but I wish to point out that the micrometer was 
used at Greenwich as early as 1840, and was at that date, in the 
Astronomer Royal's opinion, capable of giving results of great 
accuracy. 

As M. Struve appears to think that the superiority of the double- 
image micrometer is rather questionable, I beg to refer him to 
Vol. IV. of the * Leyton Astronomical Observation:*.' In the In- 
troduction to this volume Mr. Barclay gives, at p. xii, a table of 
comparative probable errors of measures of double stars made with 
a wire- and with a double-image-micrometer> derived from a con- 
siderable number of observations, and I must say that at all events 
the primd facie evidence is strongly in favour of the latter. With 
regard to the question of ' personal equation ' in double-image 
measures, M. Struve has misunderstood my meaning ; I suppose I 
did not express myself clearly. By saving that double-image 
measures would be more free from ' personal equation ' than those 
made with a wire micrometer, I by no means meant to imply that 
isolated observers, by using the former, would be relieved from the 
necessity of investigating their personal equations, but simply that 
these would be smaller and more constant, the construction and 
mode of observation giving less opportunity for the display of 
personal bias. The double-image micrometer possesses in this 
respect, I conceive, the same advantage over the wire micrometer 
that the method of oBserving transits by galvanic registration has 
over the " eye and ear "^ method of observing. I am unable to 
admit the validity of the process by which M. Struve determines 
the constant error of Prof. Kaiser's measured distances, as he assumes 
that he has satisfactorily determined his own systematic errors from 
measures of artificial stars ; but it is unnecessary to remind the 
readers of ' The Observatory ' that strong reasons have been given 
for doubting the accuracy of this method ; it is sufficient to mention, 
in connexion with this subject, the name of the illustrious Bessel*. 
And I do not think that astronomers generally are prepared to accept 
the results of the artificial star-measures unless they are confirmed 
by some independent investigation. 

As it is I can only admit that M. Struve has shown that his measures 
of distances with a wire- micrometer difier by a certain quantity from 

* For BesseTs criticism see his ' Astronomisohe Untenudmngen,' i. p. 906. 
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those made by Prof. Kaiser with a double-image micrometer, which 
evidently throws no light on the subject of ahisolute personal equa- 
tion. Is not M. Struve here guilty of the fallacy called by 
logicians ignoratio elenchi ? 

I come now to the most important question raised in M. Struve's 
letter, viz. the accuracy of the mean of measures made by several 
observers. I conceive that it must be admitted h priori^ and that 
the tendency of modern astronomy is to admit more and more^ that 
the mean of results obtained by several observers is the most 
accurate that can be given, assuming that the systematic errors 
peculiar to each are thus eliminated. This principle underlies the 
system of combining the results of meridian transit observations 
which prevails at Greenwich, and I believe at all other observatories 
where independent catalogues are formed: this principle underlies 
the method of forming standard places of stars, t. e. places free 
from systematic errors, such as Newcomb's Right Ascensions 
and Auwers' Declinations; and I hold that the same principle should 
be applied to measures both of position-angles and distances of 
double stars. I do not consider the fact that M. Struve finds that 
the means of the measures of position-angles made by several 
observers agree with those deduced from his artificial stars as any 
proof of the principle in question ; but, as far as it goes, it is a pre- 
sumption in favour of the accuracy of M. Struve's method of 
deducing the systematic errors of his measures of position-angles, 
and I merely referred to it as a circumstance by which his attention 
might have been called to the principle. With regard to the 
distances as measured by several observers, it seems to me that the 
fact of their all appearing too small as compared with the results 
of the artificial star-measures indicates that there is something 
wrong with the latter, and does not militate against the soundness 
of what I may call the modern doctrine. 

M. Struve is, of course, the person to decide whether six of the 
Pulkowa observers could be employed on the duty of measuring 
.double stars, but I should have thought that the Imperial Obser- 
vatory of Russia could have supplied this number for the promotion 
of such a valuable work. I must, however, remind M. Struve that 
accuracy of results, and not an accumuUtion of measures, is the 
great aim of modern astronomy, and that no amount of available 
power is wasted in the attainment of this object Whether, I may 
ask, is more valuable : a catalogue of i coo stars each observed only 
once, or one containing 200 stars, each observed 5 times? I have 
no doubt that a more real increase of knowledge is gained by 
having 1000 measures of double stars made by six observers (if in 
different localities so much the better), than if a single observer 
were to make 6000 measures, besides observations of artificial stars, 
in the words (slightly altered) of the Poet-Laureate — 
"My fiiith is large in Means." 

I am, Sir, yours faithfully, 
Greenwich, A. W. DOWNING. 

1879, Feb. 10. 
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The Sun's Corona and Meteor-Streams. 

Sir,— 

I am obliged to Dr. Schuster for his remarks on this subject 
in your last number. I can comprehend his evident disinclination 
to be considered as in any way a champion of the meteoric theory 
of Sun-spots. If» as I imagine, Dr. Schuster's letter gives on the 
whole a negative answer to the question I asked at the end of my 
note in No. 21, still I must say I do not think we have any suffi- 
cient evidence to show that meteoric matter was so extraordinarily 
rare in the corona at the time of the last total eclipse as the almost 
total absence of Sun-spots in 1878 would seem to indicate; and 
surely this remarkable absence of meteoric particles might have 
been expected to announce itself to the observer in some more un- 
mistakable manner than by a not very definite supposed change of 
symmetry in the shape of the coronal 

As to the question of the brightness of the continuous spectrum, 
I should like to quote a passage from an interesting article ** On 
the Recent Solar Eclipse,** by Prof. C. A. Young, repriuted from 
the 'Princeton Review. He says: — *'lt may be a question whether 
the continuous spectrum was or was not more brilliant than usual. 
Mr. Lockyer thinks it was, and explains it by the hypothesis that 
the absence of incandescent gases thrown up from the solar nucleus 
renders cooler than ordinary the regions surrounding the Sun, and 
thus permits an unusual quantity of the meteoric matter, which is 
supposed to be always abundant in that neighbourhood, to remain 
unvolatiiized, and so capable of reflecting sunlight." This is the 
only reference I have seen as to the relative brightness of the con- 
tinuous spectrum in the 1878 eclipse and in former eclipses. 

I remain, Sir, yours faithfully, 
Bathfem, Bayner*8 Boad, James L. M^AMCE. 

Putney Hill, S.W. 
1879, Feb. 17. 



NOTES. 

Researches on the Motion of the Moon«« — For some years 
after the appearance of Hansen's ' Tables de la Lune,' it was generally 
believed that the lunar theory had been perfected at last, and it was 
supposed that the new tables represented with great exactness the 
motion of the Moon in the past and would long enable its place to 
be accurately predicted for the future. Unfortunately this was not 
true; these anticipations have not been realized, and less tl^n 
twenty years have sufficed to show that we have not yet entirely 
mastered the intricate theory of the motion of our troublesome 
satellite. As early as the year 1870 (American Journal of Science, 

* " Researches on the Motion of the Moon," by Prof. Simon Newoomb^ App. IT. 
to the ' Washington Observations ' for 1 875. Washington, 1 878. 
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June 1870) Prof. Newcomb pointed) out that although the tables 
seemed to give with accuracy the place of the Moon for the century 
between 1750 and 1850 yet they appeared to entirely fail to repre- 
sent the observations made prior to this epoch. It is true that 
there did not seem to exist any readily available means of determin- 
ing the true place of the Moon at this early date^ and it was 
commonly supposed that our exact knowledge of the true place of 
the Moon did not extend further back than Bradley's observations, 
commencing in 1750. Such observations as were available, however, 
were made use of by Prof. Newcomb, with the result of indicating 
the existence of grave discrepancies between the observed and 
tabular places of the Moon. This was a very grave conclusion, for 
it justified apprehension as to how long the new tables would con- 
tinue to accurately represent the motion of the Moon. But what 
rendered it still more serious was the ominous fact that the most 
recent observations showed that the observed place of the Moon was 
steadily deviating from the place assigned by the tables, and grave 
fears were entertained that it would before long become Impracti- 
cable to accurately predict the place of the Moon from these tables 
of Hansen's. It seemed to be certain that there must be some 
grave defect in the theoretical basis of Hansen's tables, and especially 
in bis investigation of the terms of long period in the mean longi- 
tude of the Moon. 

At the earnest desire of Prof. Newcomb, the work of reinvesti- 
gating this subject, and, if possible, of ascertaining the cause of 
these deviations, was made part of his official duty as Professor to 
the United States' navy. The work was divided by him into two 
portions: — 

** I. The mathematical theory of the inequalities of long period 
in the Moon's mean motion. As the only cause to which such 
inequalities could be attributed was the action of the planets, this 
part of the investigation resolved itself into a computation of that 
action. 

<* II. The study of the inequalities in question from observations, 
especially from observations pri6r to 1750. In the ancient and 
modern observations of eclipses and occultations, there was believed 
to be an immense mass of valuable material for the purpose in 
question, some of which had been almost forgotten, and very little 
of which hadbeen discussed with modern data." 

Unforeseen difficulties were encountered in the mathematical in- 
vestigation of the theory of the terms of long period, so that this 
part of the work still remains unfinished, and it is owing to this 
reason that the second portion of the work now makes its appearance 
as the first part. 

For the purpose of properly investigating the theory t>f the terms 
of long period it is most important that the theorist should be able 
to compare the results of his mathematical investigation with a 
long series of observations of the Moon. Hitherto he has had a 
series extending back only as far as 1750 — ^that is to say, barely a 
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century and a quarter. To be able to extend bb compariflons 
between theory and observations for a still greater interval of time 
would be of the greatest importance to him. Hitherto, though 
there has been known to exist a considerable number of obeerra- 
tions which ought to be capable of affording the means of deducing 
the true place of the Moon during the later part of the seventeenth 
and early part of the eighteenth century, yet these observations 
have never been properly reduced and systematically compared with 
good lunar tables. Prof. Newcomb has now removed this difficulty, 
and with great care reduced all these observations, and deduced 
from them the true place of the Moon, which he has compared with 
Hansen's tables and so ascertained the discrepancy between the 
observed and tabular places of the Moon. Not content with this. 
Prof. Newcomb has been successful in disinterring a great number of 
most valuable observations made by the early French astronomers, 
Picard> Cassini, Maraldi, and Delisle. These observations had been 
almost completely forgotten, and astronomers are greatly indebted 
to Prof. Newcomb for his discovery of their existence, buried, as 
they were, in the Archives of the Paris and Pulkowa observatories, 
and still more for his successful decipherment of their meaning and 
for their skilful reduction and discussion. 

Through these observations, Prof. Newcomb has been able to 
determine with considerable accuracy the place of the Moon 
between 1670 and 1730, and with inferior accuracy between 1625 
and 1670. He has thus doubled the interval of time through which 
astronomers by their observation can trace with some exactness 
the path of the Moon ; and when the theorist wishes to compare the 
result of his mathematical analysis with the result of observation, 
instead of being limited to the centur}' and a quarter between 1750 
and 1875, he will be able to make use of the two and a half 
centuries from 1625 to the present time. 

Many^of the observations recorded in this volume, with all the 
data for their reduction, as well as the reduced observation, will be 
found to present features of great interest to the astronomer, and 
throw much important light on the methods of observation em- 
ployed by the early astronomers. Much light is also thrown on the 
inner life at the Paris Observatory ; and this goes far to explain its 
comparative failure. 

Besides the more modern observations. Prof. Newcomb has 
reduced the eclipses of the Moon quoted by Ptolemy in his * Almagest' 
and a numerous series of observations ot the eclipses of the Sun and 
Moon observed by the Arabians in the middle ages. Throughout, 
all the observations are compared with Hansen's tables of the Moon. 

The results which Prof. Newcomb has derived from his com- 
parison of the observed and tabular places of the Moon, and which 
are given in full in this volume, have been already published in the 
* American Journal of Science,' 1877 Nov., and are described in a note 
in the ^ Observatory ' for July 1878. They need not be referred to 
again. £. N. 
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Predicted Transit of Vulcan*. — From a discussion ofeiglit 
records of round black spots seen on the Sun, \vhich may possibly 
have been an intra-Mercurial planet in transit, M. Oppolzer has 
deduced elements which, though differing greatly from those found 
by Le Verrier, satisfy fairly all the observations. But on further 
consideration M. Oppolzer is led to doubt the certainty of these 
elements, seeing that with such a small inclination (7°) and periodic 
time (15*8 days) as he finds, transits must occur every year in 
March and October, and it is therefore difficult to explain the cir- 
cumstance that they have so seldom been observed. And he 
remarks that by sufficiently diminishing the periodic time it is 
possible in every case to find a satisfactory solution, so that the 
tolerable representation of eight observations may after all be 
nothing but an accidental coincidence. However this may be, 
there is an easy means of deciding the question, as a transit of 
M. Oppolzer's Vulcan ought to take place on March 18 next, as 
follows : — 

Ingress 17^ 14" G.M.T. Pos.- Angle 74°. 
Egress zz 41 „ » 254. 

Observers should keep a watch on the Sun on the morning of 
March 18; and if nothing is then seen of Vulcan, we may infer that 
M. Oppolzer's elements are not correct. It is to be remarked that 
five of the observations in M. Oppolzer's list were used by Le Verrier 
for his solution. In the case of the other three observations, there 
is no mention of any motion of the spot, and two of them were 
expressly rejected by Le Verrier on this ground. M. Oppolzer's 
elements do not represent either of the objects noted by Prof. Watson 
in the late eclipse. 

The Sun-bpot Cyple. — In a recent communication to the 
Metropolitan Scientific Association, Mr. A. P. Holden summarizes 
the various results which have been supposed to show a certain 
connexion between sun-spots and other phenomena. After alluding 
to the influence which, according to the investigations of Messrs. 
De La Rue and Balfour Stewart, is exercised by the configurations 
of the planets on the spots, and the parallelism which appears to 
exist between these latter and the diurnal variations of the Earth's 
magnetism and the aurora, Mr. Holden discusses the question 
whether the corona waxes and wanes with sun-tspots. He points out 
that Prof. Young, Mr. Lockyer, and other experienced observers 
describe the corona as much fainter in 1878 than in 1869, 1870, or 
187 1, though nearly all agree in giving it a much greater extension. 
There seems to have been a confusion in the minds' of some persons 
of extent with brightness, though the very fact of the great ex- 
tension pf the corona is a necessary result of a limitation -of its 
brightest portion, which in previous eclipses has by its intense 
brilliancy drowned out the fainter outlines. The photographs taken 

^ ABtronomiBche Nachriohten. 
VOL. II. 2 B 
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in 1870 show a greater extent of corona than any in 1878, whilst 
in 187 1 the pictures show nearly a like extent, though the exposure 
was extremely short as compared with those of 1878. Further, 
whilst in 1871 Respighi traced the 1474 zone to a height of 6' or 7', 
and Lockyer saw a ring formed by the same line some 2' high, the 
last-named observer with similar instruments could not see the 
1474 line at all during the late eclipse, thus showing a marked 
diminution in (he brightness of the gaseous corona. Mr. Holden 
further quotes Prof. YouQg*s emphatic testimony to the same effect, 
as against the views which have been put forward by Mr. Ranyard *• 
As regards the possible connexion between Sun-spots and our weather* 
Mr. Holden thinks we need data very different from what are at 
present used in such attempts, and that, in fact, we require to know 
the meteorological history of tlie year in all parts of the globe. 
This latter is, he considers, supplied by the phenomenon of the 
aurora, which Prof. Loom is has shown to vary with the sun-spots. 
In this view he adopts Mr. F. Pratt's hypothesis that the aurora is 
simply light iilmy cirrus cloud, first deposited at the base of a vast 
upper body of highly rarefied vapour, and illuminated by the free elec- 
tricity escaping in the condensation through the very rarefied medium 
abovp) towards the north or south. The aurora would, according to 
this theory, have its origin in a vast electrical storm, resulting from 
a violent condensation of vapour which causes a flow ef electricity 
from the pole to restore equilibrium. The aurora would thus 
depend on storms phenomena at' an intense character, and the fre* 
quency of aurora at the Sun-spot maxima would indicate the con- 
nexion of the latter with the weather. 

* In a remarkable letter to the ' Athenaeum * on this subject 
Mr. Ranyard makes the extraordinary statement that '* the rings 
seen by Mr. Lockyer in 187 1 corresponded to the area of the 
chromosphere and not of the corona/' With reference to this 
acjsertion it is sufficient to remark that the chromosphTe is only 10'' 
high, and that at the time of Mr. Lockyer's observation it was com- 
pletely bidden by the Moon, being some 51" below the Moon*s limb 
on the one side and 26^^ on the other. How it could, under these 
circumstances, be seen as a ring some 2' high, Mr. Ranyard does not 
explain. In the same letter Mr. Ranyard quotes the fact that no 
bright lines were seen in the coronal spectrum during the eclipses 
of 1842 and t868, without appearing to be aware that these obser- 
vations were made near a time of minimum of Sun-spots, and 
that their agreement with the results of the late eclipse is, pro 
tanto, an argument that the gaseous part of the corona does 
vary with sun-spots, the hypothesis which Mr. Ranyard sets out 
to upset We can hardly congratulate Mr. Ranyard on the know- 
ledge of the subject which he appears to have acquired by his pro- 
longed study of the long-delayed *' Eclipse Volume." 
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The Constitution of the Sun*. — In the French * Annuaire * 
for 1879, M. Janssen gives, under the tide " Recent Progress in 
Solar Physics" an account of his own discoveries in this field, with 
occasional alhisions to the want of success of other physicists. 
Passing over the observations of the eclipses of 1868, 1869, and 1870, 
we may specially note, in the Indian eclipse of 187 1, M. Janssen a 
observation of the dark D lines as well as some others in the green , 
in the spectrum of the corona at a height of 3' to 6', thus showing 
the presence of reflected sunlight in the corona, though the faint- 
ness of these dark lines, notwithstanding the light-grasping power 
of Janssen's instruments, indicated that this reflected light was 
drowned by the light emitted from the corona itself. M. Janssen 
further records that the polarization of the corona was radial, with a 
maximum at a distance of some minutes from the limb, a circum- 
stance which he explains as a consequence of the strong emission 
in the lower regions which masks the reflected liglvt. As regards 
the constitution of the corona, M. Janssen is inclined to adopt 
the theory that it is composed partly of a gaseous envelope or 
atmosphere and partly of meteor-streams, which give rise to the 
appearance of gigantic petals, as of an enormous dahlia. He agrees 
with Prof. Young and others in holding that the corona will vary with 
the solar prominences, and consequently with the sun-spots, and 
points out that in 1842, at an epoch of minimum, its outline was 
regular and concentric with the Sun, whilst at the maximum it 
would be broken up by jets from the chromosphere. The true 
character of the phenomenon may, however, be partially masked by 
the meteor-streams, which complicate the appearances. 

The latter part of M« Janssen's paper is devoted to an account 
of his photographs of the solar granulations, to which we have several 
times alluded (* Observatory,' No. 4, p. 114; No. 8, p. 255; No. 
9, p. 265; No. 12, p. 410). Two beautiful photographs taken at 
an interval of 50 minutes (reproduced by the '* Photoglyptic " pro* 
cess), show in a striking manner the remarkable changes which are 
continually taking place in the solar photosphere. 

Besides M. Janssen's article, the * Annuaire ' contains, as usual, a 
great amount of astronomical and general information, including 
ephemerides of variable stars, elements of all known planets (major 
and minor), satellites and periodical comets, meteor- radiants, tables 
of weights, measures &c., latitudes and longitudesof nearly 300 places 
in various parts of the globe, magnetic declinations, together with 
tables of density, expansion, refractive indices, and other physical 
data for a large number of substances. 

Harvard College Observatory.— Prof. Pickering's Report 
for the year ending 1878, Oct. 31, has just been circulated. Both the 
large tele;«copes have been kept actively in use. The 15-inch equato* 
real has been used on 239nightson photometric work, 18000 obberva* 
tions having been made with it. The light of all the known satellites, 
except the two inner satellites of Uranus, and of the co:nponents of 
all known double stars of the fifth magnitude or brighter, has been 

* Annuaire pour Tan 1879, public par Is Sureau des Longitudes (Gauthier- 
Villars, Parip, Prix i fr. 50 c) 
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measured, various parts of the spectra of /3 Cygni aud y Andromedae 
have been photometrically observed, and the progressive increase in 
the relative light of their blue components towards the more 
refrangible end of the spectrum has been clearly shown, and the 
phases of twenty^three eclipses of Jupiter's satellites have been 
observed by help of a photometer, an average of nine determinations 
of brightness of the satellite as it enters or emerges from the shadow 
having been made for each eclipse. For these various kinds of work 
a number of photometers have been designed, lettered from A to O. 

With the meridian-circle the observations of the zone -f 50*^ to + 55® 
have been continued and will be completed by the end of 1878, only 
134 stars between 23*^ and 5^ R.A. remaining to be observed at the 
date of the Report. The whole number of observations during the 
year is 4300. The reduction and publication of the past observa- 
tions have been pushed on, and the set of Annals is now complete 
from Volume I to X. The amount of material still to be published 
will fill nine or ten volumes more ; but the means for preparing it 
for the press, as well as for keeping both instruments in active work, 
are required. To meet this want a subscription has been started to 
raise 5000 dollars a year for five years; and of this, 3200 dollars a 
year have already been promised, so that it is confidently expected 
that in a short time the entire amount will be received. 

The distribution of time-signals has been extended, and in particu- 

. lar a time- ball has been established at Boston. This ball is of copper, 

four feet in diameter, and weighs about 250 lbs. It has a fall of 15 

feet and has been dropped with great regularity at noon since July 1 2. 

Dudley Obsbbvatoby, Albany. — During the past year various 
improvements have been made in the instrumental equipment Ad 
excellent chronograph has been made by Alvan Clark, the object* 
glass of the transit-circle has been refigured, and the 13-inch equatoreal 
has been put in fair working order. In his Report for 1878, Prof. 
Lewis Boss announces that the observations of the zone + 1^ to 
-f 5^ were commenced last September, and since that date the 
transit-circle has been in constant use on clear nights. A sub- 
scription has been started to defray the expenses of this work 
(estimated at 6000 dollars), and more than half the amount required 
has been already promised. With the equatoreal a few miscel- 
laneous observations have been made, including 25 nebulae noted 
during an unsuccessful search for Tempel's second periodical comet 
1873, II. Four of these nebulae could not be found in any of the 
Catalogues in the Observatory library. The Transit of Mercury 
was also observed {ef. 'Observatory,* No. 20, p. 274) and the 
eclipse of the Sun at Las Animas with a four-inch comet-seeker. 

Prof. Boss announces that his work on standard declinations and 
systematic corrections is now printed, and this important discussion 
of all available catalogues will, we hope, shortly be distributed 
amongst astronomers. 

This valuable investigation is to form Appendix H to the Report 
of the Northern Boundary Commission. 



Digitized by 



Google 



1879.] Satellites of Uranus.-^Brorsen's Comet. 



393 



Mr. Gill has been appointed to succeed Mr. Stone as Astronomer 
at the Gape of Good Hope. 



EphemerU of the two Outer Satellites of Uranus. 

Titania. Oberon. 

8^ G-. li. T. Poation. Distance. ' Positroii. Difltanoe. 

'879. O U O II 

Mar. 15 185-3 31-1 185-0 41-3 

16 i6o-i 15-0 i73'i 28-3 

17 47'i 14*4 nZ'^ n'i 

18 20*4 307 49-6 18-3 

19 9'3 33*9 ^^'^ 33'9 

20 353*4 21-6 17-3 44-2 

21 262-2 9*3 io'4 45-9 

22 205-9 25-9 2-4 38-4 

23 193-0 34*6 347-0 24-1 

24 180-7 27-3 287-4 11-8 

25 135*2 10-2 220-6 22-6 

26 34-7 19-8 203-7 37*2 

27 i6-8 33-2 195-3 45-4 

28 5-7 31-6 191-3 446 

29 342-4 i6-2 179-2 35-0 

30 231-8 13-4 158-4 19-8 

31 201*3 29-8 8i"2 26-8 

Apr. I 189-8 34-0 34"4 12-7 

10 ^^^'Z 31*9 i9i'5 457 

II 164-5 17-2 183-8 40-1 

12 57-0 12-4 170*5 27-0 

13 22*4 28*8 126-0 I3-I 

14 10-3 33-9 48-1 19-3 

IS 35S'S 33-4 26-2 343 

A.M. 



Ephemeris ofBrorsen's 


Comet (by i 


Prof. Schulze) 




(during absence of Moonlight). 




BerUn 


B.A. 


Peo. 


Logr. 


JiogA. 


Noon. 


h m s 


1 






Mar. 15 ... 


. I 44 36 


3 50-5 N 


9-8210 


0-0975 


17 ... 


. SI 23 


5 43-0 


9-8098 


0-0870 


19 ... 


58 IS 


7 39-8 


97996 


0-0760 


21 .. . 


. 2 5 II 


9 41*0 


97907 


0-0648 


23 .. . 


12 II 


II 46-7 


9-7832 


0-0532 


Apr. 8 . . . 


. 3 10 55 


30 49' I 


9.7898 


9-9538 


10 .. . 


. 19 2 


33 24-9 


9-7986 


9-9415 


12 . . . 


. 27 32 


36 2-5 


9-8086 


9-9295 


14 ... 


• 36 32 


38 41-3 


9-8196 


9-9179 


16 ... 


46 11 


41 20-9 


9-8315 


9-9067 


18 ... 


. 56 37 


44 o-s 


9*8439 


9-8961 


20 .. . 


.484 


46 39-3 


9-8568 


9-8861 
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Berlin 


B.A. 


Deo. 


I«gr. 


Log A. 


Noon. 


h m 8 


1 






Apr. 22 


. . . . 4 20 44 


49 16-4 N 


9"87oo 


9-8768 


24 


... 34 54 


S» 50-4 


9-8833 


9-8682 


26 


. . . . SO 54 


54 19-5 


9-8967 


9-8605 


28 


.... 5 9 3 


5<5 417 


9'9ioo 


9-8536 


30 


. . . . 29 43 


58 54-3 


9-9232 . 


9-8478 



This periodicol comet was picked up on Jan. 14 by M. Tempel 
close to the horizon (' Observatory/ No. 22). It has since greatly 
increased in brightness, being six times as bright on Mar. 15, and 
twelve times as bright throughout April, (t passes its perihelion on 
Mar. 30. 

Astronomical Memoranda, 1879, March 16-Aprit SO. 

Sun, March 16, sets 6^ 3"*, rises 18^ 12"; April 30, sets 7** 18", 
rises 16^ 34°. 

Equation of time ; — Sun after clock, March 16, 8" 51* ; March 26, 
S™ 5i«; Apr. 5, 2" 49' ; Apr. 15, o" 5"; be/ore, Apr. 25, 2" 4*. 

Sidereal Time at Mean Noon : — March 16, 23** 34"*8; March 26, 
o*^ I4~"2 ; Apr. 5, o^ 53"7 ; Apr. 15, 1^ 33»-i ; Apr. 25, 2*^ i2"»-5. 

Moon, New, March 22, 9**; First Quarter, March 30, 13**; Full, 
Apr. 6, 10 J^; Last Quarter, Apr. 13, 2^ New, Apr. 21, 2**; First 
Quarter, Apr. 29, 2^ 

Occultations : — March 30, 7^ 16" B. A. C. 2154 Oc. D. 14^; 
A pr. I, 9** 37" d Cancri Oc. D. 87° ; Apr. 3. 1 1** 46" B. A. C. 3529 
Oc. D. 20°, 12^ 56" 43 Leonis Oc. D. 130°; Apr. 4, 11^ 50" />* 
Leonis Oc. D, 27°, 12** 49" Oc. R. 265°; Apr. 12, 16'' 29" x' 
Sagittarii Oc. R. 264°; Apr. 23, 9** 29" 23 Tanri Oc. D. 171°; 
Apr. 30, 9** 56" B. A. C. 3398 Oc. D. 358°. The angles at dis- 
appearance (D.) and reappearance (R.) are reckoned from the 
apparent N. point towards the right hand round the Moon's cir- 
cumference as seen in an inverting telescope. 

Mercury is at greatest elongation £. (18^47') on March 29, when 
he sets inthe N.W. i*" 52" after the Sun and is very favourably 
situated for observation. He is in inferior conjunction on Apr. 17, 
after which he is a moniing star. 

Venus is an evening star, setting at 8** 18" on March 16 and at 
10^ 39*^ on Apr. 30. Her disk is gibbous, the illuminated portion 
being 0*916 on March 15 and 0*848 ou Apr. 15, and the corre- 
sponding diameters ii"'0 and I2"*2. 

Mars b a morning star in the S.E., advancing through Capri- 
cornus. 

Mar. i6,B.A. 20^ 2"*9, Dec. 21° 22' S., tr. 20** 27*",rises 16^ 20" 
Apr.30, 22 16 •!, 12 29 S., 19 43 , 14 41 

Jupiter is a morning star in Aquarius. 
Mar. 16, R.A. 22** i"-6, Dec. 12° 55' S., tr. 22^ 24", rises 17** 26" 
Apr. 30, 22 36 -2, 9 57 S., 20 I , 14 47 

Saturn is in conjunction with the Sun on Mar. 26. 

Uranus is an evening star, moving slowly n. p., and may be picked 
up about I of the way from Regulus to p Leonis. Editor. 
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Publications received: — R. L. J. Ellery, Observations of Mars and 
Comparison Stars at Melbourne Observatory^ 1S77. — Annuaire pour V an 
^^799 public par le Bureau des Lon^t^uJe« (Paris, Gautbier-Villare)— Prof. 
Piazzi Smyth, End-^n Illumination in private Spectroscopy, 1879 — E. 
Hartwig, Bestimmungen der relativen Oerter einiger Sterne in der Vulpe- 
eula — Ch. Fi6vez, Bibliographic des Ouvrages, Mimoires et Notices de 
Spectroscopic (Bruxelles, F. Hayez, 1878) — Dr. H. R. Rogers, New 
Theories of the great Physical Forces — Prof. E. C. Pickering, Annual 
Report, Harvard' College Observatory, 1878 — Prof Lewis Boss, Annual 
Report, Dudley Observatory, 1878 — Memorie degli Spettroscopisti ItaUani^ 
1878, Nov. and Dec. — Popular Science Monthly, 1879, Jan. and Feb. 
(Appleton, New York) — American Journal of Science, 1879, J*^"- and Feb. 
— Science News, Nos. i and 2 (Cassino, Salem, Mass., $2 per annum) — 
Kansas City Review, 1879, Jan. — The Analyst, 1879, J*°- — Sirius, 1879^ 
Feb. (Leipzig, Karl Scholtze). Editor. 
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SIDEROSTATS^ EQUATGREALS, I SPECTROSCOPES, 

OP THE BEST WOEKMANSHIP AND GUARANTEED QUALITY. 



ADAM HILGER9 

SCIERTIPIC LiSTKUMEIfT MaKER TO THE RoTAL OBSERVATORIES OF GRBBrWICH A5D 
EOIHBURQH, THB ObSEBTATORISS OF MblBOUBHB, StDNBY, FoTSOAM, &€. &C. 

192 TOTTENHAM COUBT BOAD, W. 

RUTHEBFXTRD'S FHOTOOBAFHS OF THE MOON. 

FmST AND LAST QUARTERS AND FULL. 
Eleven inches in diameter, in Portfolio, witli JBeer and Madler's Map. Priee 21f. 



A. BROTHERS, 14 St. Ann's Square, Manchester. 



Now ready, Svo, cloth, price 9«. 

SIX MONTHS IN ASCENSION. 

An Unscientific Account of a Scientifio Expedition. 

BY 

Mbs. gill. 
With an Litroduction by Dayid Onx, F Jt A.S. 

London : Johk Musrat, Albemarle Street. 
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ASTRONOMICAL TELESCOPES. 

CAXVEK'S £25 PORTABLE EQUATOREAL, complete with powers, six-mch spe- 
culum of the finest quality, revolTlng hour-drde with three Temiers reading to 
6* of time, declination to 4' of arc, fine ecrew-motion. 
Photograph, with Hints on Silvered-Glass Reflecting Telescopes, 9 stamps. 

a. CAIiVEB, F.RJL.S., Hill.House, Widford, Chelmsford. 

The 5i-inch PopuUr Telescope from ^15 15«. 
Several second-hand Equatoreals from 6 to 14 inches. 

Ready, in One YoL, Atlas Folio, pp. 46, and 24 Plates, Cloth, Price lbs, 

THE STARS IN THEIR COURSES. 

A twofold Series of Maps, with a Catalogue stating the Magnitades ac- 
cording to the B.A.C., Proctor, Argelander, and Heis, and showing 
how to identify, at any time of the year, all Stars down to the 5*6 
Magnitude (inclusive) of Heis, which are clearly visible in "Rnglii^h 
latitudes. 

THOMAS SEBASTIAN BAZLEY, MA., 

Author of ' Notes on the Epicydoidal Cutting Frame.' 
London : Tb^bner & Co., Ludgate Hill. 

FOR SALE.— A 10-inch BEFLECTING CIBOLE by Pistob and MARTm. In 
perfect order and nearly new. 

Apply to Mr. J. Gledhill, Bermerside, Halifax. 

Subscribers are reminded that Subscriptions are payable 
in advance. 

TERMS OF SUBSCRIPTION 

(inelitding postage). 
For the United Kingdom : — 

Twelve Months — ^Twelve Shillings, 
For Foreign Countries : — 

Twelve Months — ^Fourteen Shillings, or Four Dollars. 
Payable in advance to W. H. M. Chkistib, 12 Eoyal Farads, 
Blackheath, London, S J!. 
{^For the convenience of American suhserihers^ Dollar Notts unU he 
received at ihe rate of Four Dollars for a Twelve M(mih£ subscript 
tton.] 

SCALE FOR ADVERTISEBIEMTS* 

£ s. d, £ t. d« 

Whole Page 2 3 inseHums 6 

Half Page 1 1 „ 2 12 6 

Quarter Page 12 „ 1 10 

Eighth of Page 7 „ 17 6 

Instruments for sale : — 

Forty words or under 3 „ 7 

Every additional 10 words 009 „ 019 

Payable in advance to W. H. M. Chbisteb, 12 Eoyal Parade 
Blackheath, London, S J!. 
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THE OBSERVATORY, 

A MONTHLY KEVIEW OF ASTRONOMY, 

No. 24. APRIL 1. 1879. 

MEETING OF THE ROYAL ASTRONOMICAL SOCIETY. 

Friday, 1879, March 14. 

Lord Lindsay, M.P., F.R.S., &c., President^ in the Chair. 

Secretaries : Mr. J. W. L. Glaishbr, F.R.S., and 
Mr. A. CowPER Ranyard. 

Mr. Glaisher i-eported that since the last Meeting 91 presents had 
been received ; and the thanks of the Society were voted to the re- 
spective donors. 

Mr. Knobel read a paper on a Persian MS. of Ulugh Beigh's 
Catalogue of Stars belonging to the Royal Astronomical Society. 
The MS. is in two volumes, one containing Ulugh Beigh's Intro- 
duction to the Knowledge of the Stars^ and the other being devoted 
to the Astronomical Tables and the Catalogue of Stars. Our know- 
ledge of this catalogue is derived entirely from a translation of 
some Oxford MSS. made by Thomas Hyde and published in 1665. 
The author has carefully translated the catalogue of stars as given 
in the R. A. S. MS., and on comparing it with Hyde, he has found 
over one hundred and twenty differences in the longitudes and 
latitudes of stars. He remarked that 26 per cent, of these discre- 
pancies were due to confusion between the Arabic letters Fa (10) 
and Nun (50) when in combination with other letters. In the com- 
parison made by Professor Schjellerup between the Copenhagen 
and St. Petersburg MSS. of AUSufi, 20 per cent, of the discre- 
pancies he found were due to precisely the same uncertainty about 
these two cbaractcri. Some of the discrepancies in the old records 
of eclipses by Ibn Junis, which Prof. Newcomb has recently dis- 
cussed in his * Researches on the Motion of the Moon,' were in- 
vestigated under the light thrown upon such mistakes by an exa- 
mination of the R. A. S. MS., and probable explanations were 
suggested in several cases. 

VOL. II. 2 J- 
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Ho remarked that the magnitudes of Ulugh Beigh's Catalogue 
had never been properly translated. Uiugh Beigh gave the bright- 
Dess ofstars in thirds of a magnitude ; but unfortunately in Baily's 
edition they were given only in whole numbers. Against some 
magnitudes was the initial letter of the word ^'JTa^r," signifying 
•< large," and against others the initial of ^*Saghiry* signifying 
small ; so that 3 K would mean Argelander's magnitude 3-2, and 
3 S in the same notation would be 3-4. The paper contained a 
complete list of Ulugh Beigh's magnitudes as found in the R. A. S. 
MS. compared with Hyde's results from the Oxford MSS. 

The Prendentt in moving a vote of thanks to Mr. Knobel for his 
interesting paper, suggested that it would be of great importance to 
our knowledge of ancient astronomy if any Fellow of the Society 
could undertake the collation of all the MSS. of Ptolemy's Catalogue, 
perhaps 50 at theoutside, giving the various readings in those MSS. 
Mr. Gill read a paper on a new Method of determining Astrono- 
mical Refraction. He remarked that the law of refraction was by 
no means known with certainty, though Bessel and Nyren have 
arrived at very similar results by different hypotheses, and the de- 
termination of refraction and latitude are mixed up together. He 
proposed as a new method to observe at a station on the Equator 
with an altazimuth, pairs of stars at equal altitudes east and west of 
the meridian; and in thi3 way, the true difference of R.A. being 
known, to determine twice the refraction at all zenith-distances. 
At extreme zenith-distances there would be difficulties, because the 
stars are spread out into spectra. The method could of course be 
applied at observatories not situated on the Equator. At the end 
of the paper he had summarized the conditions necessary for the 
elimination of systematic error. His attention had been particularl j 
drawn to this subject because of the difRculties which have been 
found in the determination of refraction. It will be in the re- 
collection of the Society that a very able paper was written by Mr. 
Stone upon this subject. So delicate and difficult b the inquiry, 
and so involved is it with flexure and division error, and R— D cor- 
rection, and the way in which the absolute latitude of a place is 
mixed up with the law of refraction, that the difference of half a 
second in the latitude of the Greenwich Observatory is a matter not 
yet fully settled. The difficulty that is found at 52° will be im- 
mensely greater at lower latitudes. 

Mr, Gill also read a *' Note on Systematic Errors in R.A. 
depending on Magnitude." This was a question in the solution 
of which most amateurs could assist. He had found, on comparing 
the results of heliometer determinations with those of meridian ob- 
servations, that all the R.A.'s of faint stars observed with the 
chronograph are too great as compared with those of bright stars ; 
but the r&sults for R.A. by the eye-and-ear method coincide pre- 
cisely with those with the heliometer, which he believed to be free 
from systematic error, having subjected them to several tests. He 
explained this systematic error in chronographic transits as arising 
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from the circumstance that tlie observer usually trains himself to 
press the chronograph-key so that the tap shall coincide with the 
passage of the star across the wire, and that a bright star, with its rings 
and appendages, somehow appears to be nearer the wire than a faint 
star. A fact had been brought to his notice by Dr. Copeland and 
Dr. Hartree which all amateurs could verify, viz. that in looking at 
a bright star and a faint one near it at a position-angle of o° or i8o°, 
if the telescope be made to move backwards and forwards, the bright 
star will appear to swing relatively to the little star, thus showing 
that the light of the bright star is more quickly perceived by the 
brain. This matter of personality would be tested by observing the 
transit of a bright star ovf>r part of the wires with the full aperture, 
and over the remainder with a wire screen applied to diminish the 
light. 

The President, The matter which Mr. Gill has brought before 
us with reference to astronomical refracticm is one of great import- 
ance and great interest; and I am glad, as he has brought it 
forward, that he will soon have the means of utilizing it in a very 
excellent manner. It has not yet been officially notified to the 
Society, but since our last Meeting the Government has appointed 
Mr. Gill to be the Astronomer Royal at the Cape of Good Hope ; 
and I feel that good work will ensue from his appointment. 

Mr. Marth, We may all reckon upon Mr. Gill doing his best 
at the Cape of Good Hope ; but perhaps he will excuse my making 
a few practical suggestions which may be of some little service to 
him. The determination uf refraction by means of meridian obser- 
vation is really not so difficult as it would appear from the discre- 
pancies which have been found in consequence of the neglect of 
some simple precautions. 

[Mr. Marth then proceeded to give at great length, and amidst 
signs of impatience from the Meeting, the history of the subject 
taken from the Introduction to Bessel's * Tabulae Regiomontanae.'] 

As allusion has been made to Mr. Stone*s investigation, I must 
say something about it. Some twenty years ago, when four volumes 
of the Transit-Circle observations were published, I tried to inves- 
tigate what result the Greenwich observations gave for refraction ; 
and the first question which I had to consider was the state of the 
Greenwich meteorological instruments : but I could not find in the 
Greenwich volumes any indication of the error either of the baro- 
meter or of the thermometer. I sent a paper to the Society in 
which I expressed myself cautiously, mentioning what I had found 
about the barometer ; and as regards the thermometer, that in seve- 
ral cases its reading was higher than that of the maximum thermo- 
meter on the same day in the Meteorological Observatory. I as- 
sumed that that might be due to a real difference of temperature; I 
did not assume the possibility that there could be any serious error 
in the Greenwich thermometer. 

The Fregident, As the matter before the Meeting is the new 
method of investigation pursued by Mr. Gill, I do not think it would 

2f2 
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be well to go into the history of the Greenwich thermometer over 
twenty years ago. 

Mr. Marth, I shall merely suggest that Mr. Gill should take 
instruments, the errors of which are fully determined, and not alter 
the instruments when he finds that they have some errors, but 
apply the errors to his Table of refraction. 

Mr, Christie, As to the meteorological instruments used for 
astronomical observation, there is no necessity to give Mr. Gill any 
advice in the matter. It is the practice at Greenwich to verify 
such instruments with all care ; and if Mr. Marth will take the 
trouble to look into the Greenwich volumes for many years past, he 
will find that the corrections for barometer and thermometer are very 
carefully stated, and that the instruments have been compared with 
the meteorological standards. The error of the thermometer at no 
part of its scale exceeds one tenth of a degree ; and I do not think 
that any one can profess to read a meteorological instrument with 
greater accuracy than that. 

Mr, Marth, Mr. Stone's determination refers to the years 1857 
to 1865, and from the year 1857 up to the middle of 1858* the 
thermometer used had read 0^*8 more than afterwards. Mr. Stone 
unfortunately has taken no notice of that. 

Mr. Neison, Mr. Gill said there was one point in which amateur 
astronomers might assist, namely, in determining the effect of differ- 
ence in magnitudes. He gave a method of doing it which would 
not be very easily applied by most observers. Perhaps I might 
mention a rather different mode of doing this ? 

Suppose two wires of a transit-instrument to be separated by some 
interval either known or not. Let a star transit over the first wire 
with the full aperture ; from its size, it will appear to transit before its 
right time. Then reduce the aperture and let the star transit acrosa 
the second wire. The interval between the two transits will be 
larger than the true interval by the amount that the brighter object 
appears to transit before the fainter object Now reverse the con- 
ditions, diminish the aperture, and let the star cross the first wire* 
and then restore the full aperture and let it transit the second 
wire. Now the interval will be less than the true interval by the 
^ amount by which the brighter object transits before the fainter. It 
is obvious, therefore, that the difference between these values will 
be twice the amount by which the brighter object transits before the 
fainter object 

In this manner it would be easy for any amateur to throw a good 
deal of light on this interesting point in practical astronomy by 

[ * Mr. Marth was understood to say " 1868 ; " but this was obviously a slip. 
The eflfeot of the correction (which is — o°-6, not — o°-8, in the thermometer) for 
I ^ years out of 9 would be quite insignificant, and does not affect to any appre- 
ciable extent the validity of Mr. Stone's result. Mr. Stone found that Bessera 
refractions required to be diminished by '0053 1 x refraction ; this quantitj 
would have become '00555 X refraction if the corrections to the barometer and 
thermometer had been applied. Instead of a correction — x"'68 at 80° Z, D., 
we should hare had — i*'7S. — ^En.] 
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seeing bow much sooner a bright star seems to transit than a faint 
star. 

Mr. Gill. I thank Mr. Marth and all the other Members for their 
suggestions. I had no intention or wish to throw the slightest dis- 
credit upon the Greenwich observations. I had the good fortune to go 
through the Meteorological Observatory the other day, and saw the 
great care that was talsen with regard to the comparison of the in- 
struments ; and with respect to the barometer which has recently 
been compared with Kew, the comparison was extremely satis- 
factory. A few ten-thousandths of an inch was all the difference 
that was found between them. Also when I applied to the Meteo- 
rological Committee, they sent me the best barometer and the best 
thermometer for the purpose of comparing the Cape instruments 
with the instruments in this country. 

Mr. Talmage read a paper, including a letter from Professor Piazzi 
Smyth, commenting in very severe terms of censure on a paper by 
Mr. Sadler in the ' Monthly Notices ' for January, entitled " Notes 
on the late Admiral Smyth's ' Cycle of Celestial Objects,' Volume 
the Second, commonly, known as the ' Bedford Catalogue,' " in 
which reflections appeared to be made on Admiral Smyth's honour 
in publishing as his own observations several which the writer 
charged him with having copied from other astronomers* 

The President observed that he had not stopped the reading of a 
paper which contained language considerably stronger than was 
usually heard at Meetiugs of the Society, because, on considering the 
matter, the Council had come to the conclusion that as an attack may, 
by implication, be made upon them for permitting the insertion of the 
paper in the * Monthly Notices,' it was desirable to court inquiry as 
much as possible, and not to burke any invcbtigation of the subject; 
and having said this. Ire would invite discussion, trusting that but 
little personality or strong language would be used, but that every 
thing might be kept as much as possible to Parliamentary lan- 
guage. 

Mr. Knott was glad the subject had been brought before the 
Society. He had read Mr. Sadler's paper with a great deal of pain. * 
Whilst Mr. Sadler had done good work by collecting together a 
number of cases of discrepancies and difficulties with regard to the 
stars in the Bedford Catalogue, many of which had been searched 
out before by other pcr>ons, it appeared to him that the real object 
of the paper was to throw discredit upon, and to make charges of 
falsification, forgery, and fraud against a thoroughly honest and 
honourable man. (Hear, hear I) He was sure that no one who 
knew Admiral Smyth would for a moment believe that he was ca- 
pable of any such conduct. A scientific society had nothing to gain, 
but much to lose, if papers printed in its records were marked by 
offensive personalities and insinuations of unworthy motives. He 
trusted that by calling attention to the matter in this way there 
would be no occasion to make a similar complaint in future ; and he 
very much deplored the insertion of the paper in question in the 
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^ Monthly Notices,' the more so as the writer was a Member of the 
Council. 

Mr, GiU assured the friends of Admiral Smyth that the feeling of 
the Council when the paper was printed was that it simply pointed 
out some of those errors which will arine in every thing that is done 
by human minds and human hands. The catalogue doubtless had 
serious errors. Errors might arise fraudulently or from want of 
care or want of experience. He would remind the Society of a 
notorious case of such imputation against a man who was one of the 
most honoured votaries of science that we have had. When Gene- 
ral Sabine came back from his great magnetical series of observa- 
tions he had made a set of observations with a small circle of some *6 
inches diameter, which was provided with a level; and in deterniin- 
ing his latitudes, Gen. Sabine devoted two or three pages of his work 
to the determination of the value of the level of this little instrument. 
Capt. Kater determined the value of the same level ; and whilst Gen. 
Sabine's determinations gave something about i", Capt Kater's 
careful determination gave something like lo". Babbage made amost 
violent attack upon the honesty of Gen. Sabine, and declared that 
he must have forged his observations, because when he used the 
true value of the level which had been determined by Kater, the 
agreement of the latitudes inter se was very much worse than it waa 
before. Dr. Robinson, who had told him the story, said that when 
Gen. Sabine was about to visit him» he did not know whether he should 
shake him by the hand as a true man who had done splendid work for 
science, or kick him out of the house. So he determined to get 
hold of the levil and determine the value for himself; and he found 
it something like 20". On examination he noticed that the level was 
cemented into a brass tube which held it, and which he thought 
might possibly have got into a state of strain in some way or other. 
He carefully removed the brass tube, and he found the value of 
the level to come out exactly what Gen. Sabine had determined it. 
He was sure that the Society would acquit Admiral Smyth of any 
unworthy motive. Struve had made errors and had confessed them, 
and Admiral Smyth, if he were living, would do the same ; and 
Mr. Sadler, he was sure, would be the tirst to applaud and say that 
he was extremely sorry, and that in what he had said he did not 
mean to impute dishonesty, but only that some errors had crept into 
the catalogue. 

Mr. Neison wished to draw attention to the fact that there was a 
great difference between the language of Mr. Sadler in his paper and 
the interpretation that had been put upon it by Mr. Talmage and 
others. There was no explicit charge of dishonesty ; and the most 
that Mr. Sadler had said was that Admiral Smyth had copied hia 
predecessors ; but he (Mr. Nelson) did not find it anywhere stated, 
or even implied, that Admiral Smyth forged those observations. 
He would . read one paragraph, which was as follows : — ** 1 have 
thought it better, therefore, as the charge I have brought against 
the ' Bedford Catalogue ' is of a very serious character, to place aa 
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asterisk against the symbol of the observer whose erroneous mea- 
sure Smyth appears to have followed/' Mr. Sadler had only quoted 
Mr. Burnham's statement to show that there were numerous errors 
in the " Cycle;" and as the " Cycle " had been regarded as a work 
of such great accuracy that its measures had been used for the pur- 
pose of determining double-star orbits and other things, if there 
were, as had been stated, numerous errors in the work, it was only 
proper that those errors should be pointed out. He did not for one 
moment admit that Admiral Smyth would have done any thing 
which would be unbefitting the character of an English gentle- 
man. 

Mr, Lynn quoted Mr. Sadler's remark, '' Smyth's observation is 
incomprehensible on the assumption that he really examined the 
star" (6 1 Virginis), and pointed out that such language was clearly 
inconsistent with Mr. Nelsons interpretation of the paper. 

Mr, Dunking as one of the older Members of the Society, and as 
a friend of the late Admiral Smyth, was glad to hear the acknow- 
ledgment on all sides that the Admiral was really a gentleman. 
(Cheers.) Mr. Neison had suggested that there was nothing to be 
complained of in Mr. Sadler's paper ; but he must say that he holds 
a very different opinion. He had taken the trouble to go through 
a great many of the so-called inaccuracies given in that paper, and 
compared them directly with the * Celestial Cycle,' and he found 
that they are mostly accidental errors which might have been 
easily made by any observer. (Hear, hear I) He must admit 
that during his forty years' experience he had made scores of 
mistakes of a similar kind; and he would be very sorry indeed if 
Mr. Neison, or any other Member of the Society, were to take the 
▼olumes of the Greenwich observations and say that all the correc- 
tions were dishonestly forged by him, as had been imputed to 
Admiral Smyth. 

Mr, Sadler stated that he had not said so. 

Mr. Dunkin would then take the very first case in Mr. Sadler's 
paper, in which he remarks that ''Smyth says (Cycle, p. 12) * The 
difference in distance is so remarkable that it must be imputed to 
instrumental error,' &c., and that the star was reexamined in 185 1, 
when Smyth deduced a result agreeing with Captain Jacob's." Now 
an explanation of the cau^e of this error had already been given by 
Admiral Smyth, and it appears to have been owing to a mistake in 
the reading of the revolution of the micrometer. Why, therefore, 
has this known error been brought up to support the charge of dis- 
honesty against the Admiral ? In another case Mr. Sadler has said 
that an alteration of 100° had been made in the angular position of 
y Persei. Why a mistake of 100^ in the pointer-reading is the 
easiest thing in the world to make I What would have been more easy 
then to have transcribed a 2 for a 3 ? and as Admiral Smyth was 
observing faint objects with scarcely any light in the room, his error 
probably arose in this manner. He (Mr. Dunkin) had often made 
a mistake of 10°, 20^, 30^, or even 100° in the pointer-reading of 
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the zenith-distance of a star ; but Mr^ Sadler being 80 young an ob- 
server, with so little experience, evidently had little notion of these 
mistakes to which all observers are liable. Taking another para- 
graph in Mr. Sadler's paper, he was very much grieved that it should 
have been allowed to be printed in the * Monthly Notices.' It is 
this : — *<As far as I am aware, there is one Catalogue only, and that 
not an original one, which surpasses the * Bedford Catalogue ' in inac- 
curacy, and that catalogue is the ' Reference Catalogue of Multiple 
and Double Stars,* forming vol. xl. of the * Memoirs/" He referred 
to this catalogue only as an illustration of the want of knowledge of 
Mr. Sadler as to what is and what is not an accurate catalogue. The 
whole of the errata to 6^ R.A., discovered by Mr. Burnham, had 
been submitted to him ; and he had actually corrected the Observa- 
tory copy of Sir John Herschel's Catalogue, and really there are 
very few errors, and the pages are quite clean. If Mr. Sadler 
would come to Greenwich to-morrow he would show him several 
standard catalogues of stars ; and he would then see that where 
there is one error in Sir John HerschePs Catalogue, there are a hun- 
dred in some others, especially in Weisse's first Catalogue of the 
zone-stars observed by Bessel ; and therefore when Mr. Sadler said 
that the Herscbel 'Reference Catalogue' is the most inaccurate 
catalogue that he ever knew, he (Mr. Dunkln) must come to the 
conclusion that Mr. Sadler's experience in such matters is worth very 
little. 

Capt. Toynhee had had the pleasure and the honour of knowing 
Admiral Smyth, and he was quite sure that he was incapable of the 
dishunesty of putting down observations which he had not made. 
He had no knowledge of double stars, but he had great knowledge 
of men ; and though the way in which Mr. Sadler — who was but at 
the commencement of his astronomical life — had put his remarks was 
very objectionable, he scarcely thought that he meant to convey the 
imputation which the words implied. If a midshipman of the present 
day were to abuse Nelson for not having steamed 1 5 knots an hour 
at Trafalgar, and for not having rammed the enemy, his conduct 
would resemble Mr. Sadler's attack upon Admiral Smyth. 

Mr, Freeman thought, after reading Mr. Sadler's preface to 
his paper, that on the whole he had expressed himself temperately, 
and he had no doubt that in the future the 'Cycle' would not be 
used at all, or, if used> it would be as corrected by Mr. Sadler 
(Oh ! oh !) 

Mr, Christie suggested that instead of discussing the question 
from a purely personal point of view it would be better if some one 
would go through Mr. Sadler's criticii>m8 of errata one by one, and 
review them dispassionately, and see whether they could be explained 
on any fair assumption as ordinary blunders of observation. To a 
large number of these observations Admiral Smyth gave the weight 
of I, which according to Mr. Sadler, meant " nearly worthless ;" but 
if Mr. Sadler brought those observations forward as casting a reflec- 
tion on the general catalogue, that was a matter which might be 
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discussed without introducing temper into the question, bv pointing 
out fairly how much confidence was to be placed in these particular 
measures. There were 850 stars observed and 40 errata had been 
pointed out, to 20 of which Mr. Sadler had affixed an^ asterisk, as 
having been copied. It seemed inconceivable that a man like 
Admiral Smyth sliould have risked his scientific reputation by 
copying one-fortieth of the whole number of his observations. 
Having gone through a few of the cases, they appeared to be the 
sort of blunders that one was accustomed to find and to which all 
were liable ; and he did not himself see any thing at all suspicious 
in the discrepancies. He only wished that some Fellow of the 
Society would take up the question fairly and discuss it thoroughly. 
(Hear, hear!) 

Mr. Chambers^ whilst approving of Mr. Christie's suggestion, 
thought it was due to the Society at large and to the Council that 
some understanding should be arrived at on the subject, or that Mr. 
Sadler should offer some explanation as to the real meaning of his 
paper. Unless he (Mr. Chambers) was very obtuse, as well as 
several gentlemen near him, they read the paper with the impression 
that there was a malignity about it and an intention to impute dis- * 
honesty and fraud to Admiral Smyth, which either ought to be 
explained or withdrawn. Whatever might be the result of the in- 
vestigation suggested by Mr. Christie, it would not be satisfactory to 
him or to the Society at large if these imputations were not explained 
or withdrawn. (Hear, hear!) 

Capt. Noble's experience of the * Cycle ' had been that its star- 
magnitudes had led him, in his juvenile days, to find more mares* 
nests in the heavens than any other work that he had ever opened. 
He believed them to be utterly untrustworthy. As an illustration 
of seeing things which had no existence he referred to the case of 
the assumed companions of Polaris which had been mentioned by 
M. de Boe, of Antwerp [laughter], and subsequently by a young 
Belgian nobleman, a boy ^ ho did not know what Polaris was, and 
also by Mr. Slack, the President of the Microscopical Society, and 
others ; but Mr. Burnham with iiis 18-inch equatoreal declared 
positively that those companions- had no existence whatever. As 
regarded the catalogue in Vol. xl. of the Memoirs, if Mr. Sadler 
instead of saying that it was a most inaccurate catalogue had said 
that it was the most useless one that was ever printed, he believed 
that all in the room would agree \^ith him. 

Mr. Talmage expre5»sed himself as thoroughly satisfied^ with the 
discussion which had taken place, as his object and that of Professor 
Piazzi Smyth had been accomplished by the declaration of the 
opinion of the Society that Admiral Smyth was an honest man 
[Cheers] ; and with the permission of the President he would withdraw 
his paper. 

The President thought that the paper having been placed upon 
the table became the property of the Society and could not be with* 
drawn, but might be left without being printed* 
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Mr. Chambers thought that Prof. Smyth's paper was coached io 
fair and reasonable terms, and he begged to move that it be printed. 

Mr, Sadler begged to second that proposition. 
- Mr, Eanyard thought that the Society were agreed that Admiral 
Smyth had performed very great services to astronomy [Hear, hear I], 
that his papers had interested a very great number of men who are 
now old^ and that the Society did not wish to take away his 
character; but there could be no doubt that it was of very much 
advantage to the Society that there should be a free criticism of tlie 
whole question at issue, and if there were no warmth on either side 
tliere would be less chance of any malignity or malice being sug- 
gested. 

The President, The question of criticism is one of very great 
and vital importance to our Society. I cannot help thinking myself 
that had Mr. Sadler s paper been devoted to a mere numerical list 
of errata, and the corrections which were to be made in the ' Cycle,' 
it would have been of great importance, and the value of the book 
would have been enhanced ; and perhaps to Mr. Fletcher, from 
whom we have been hoping for many years past to have a new 
edition, it would be a very valuable thing. Such lists of errata 
were prepared and issued by Argelander when he was compiling his 
catalogue of stars. He merely issued lists of errata in the catalogue 
that he was examining without imputing any motives and without 
putting any remarks, which no doubt is the proper method of cor- 
recting tables. I think if Mr. Sadler would give his attention 
to completing the tables of errata of the various catalogues of 
astronomy that we have, it would be an extremely valuable service. 
No one would value such a table more than I should myself. I 
would suggest that he might take up the B.A. catalogue. 

1 think the discussion which has been brought forward by Mr. 
Talmage's paper is one which is of value to the Society. It is 
decidedly a good thing to have this ventilation of opinion respect- 
ing an old and valued member of the Society, such as Admiral 
Smyth doubtless was. I never had the pleasure of his acquaintance 
and often regretted it ; but I must say that the * Cycle of Celestial 
Objects ' was one of the first treats that I ever got in astronomy, 
and the delight which I felt in reading it did more to turn my 
attention to the science than any thing else ; and I believe I am no 
solitary instance of that, for I know no book in any language which 
has had more influence in directing the attention of amateurs toward 
the science. 

Capt, Toynbee considered the Chairman's suggestion a good one^ 
and thought that it should be inserted in the minutes. 

Mr, Sadler simply wished to state that he had not imputed dis- 
honesty to Admiral Smyth *, but he certainly had a right to point 

* [It is not easy to reconcile this statement with the following passage from 
a letter in the ' English Mechanic/ signed byMr. Herbert Sadler, and published 
on the Tery day of the B.A.S. Meeting : — "When the Admiral died the ' Cyde ' 
had been published more than twenty years, ample time for the detection of the 
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out errata* It was quite possible that Admiral Smyth had made 
mistakes ; but if Herschel gave a position-angle of 224^*0 and Smyth 
gave 224°'i*9 when the actual angle ought to be 324°, and if that 
mistake bad been copied scores of times, any one would conclude 
that Admiral Smyth's observations were influenced by some bias. 
M. Flamniariun assigned a proper motion of something like 4" 
per annum to H Per^ei on the authority of Admiral Smyth's 
observation, which was perfectly erroneous, and it rested on the 
observations of Herschel. Instead of about 60" Smyth gave 27", 
which was an entirely improper measure assigned to B Persei f. 

Br, Copeland observed that Mr. Sadler had stated that Admiral 
Smyth had copied or followed Herschel in scores of cases, but he 
bad not shown those scores of cases. Errors might arise on all 
sides although the observer might have the best possible intention. 
A position-angle might be given as 173^; Sir John Herschel might 
have observed 137°, and Admiral Smyth from his own observation 
might have got 173^ but on transcribing he might accidentally trans- 
pose the figures. He offered that remark as showing how a man may 
appear to have copied the observation of another although in per- 
fectly good faith. It was perfectly absurd to imagine that any man 
who could produce a work like the < Cycle' could forge one- 
twentieth or one-fortieth of the observations. A man might assume 
an observation to be in error a minute of time, or ten minutes, or 
two minutes in declination and two in right ascen>ion ; or he might 
make scores of hypotheses if necessary, but he should never think 
of couching his remarks in such language as to throw the slightest 
discredit upon the observer. He thought it but right, as those 
remarks with respect to Admiral Smyth had been printed and circu- 
lated to all the world, that something sbould be printed in the 
* Monthly Notices' to show that the Society did not agree with the 
statements iu Mr. Sadler's paper. 

Mr, Talmage stated that the serious charge was that the printed 
publication did not agree with the manuscript notes of observation. 

Mr, Common thought that as no doubt there were many errors in 
the * Cycle,' if Mr. Sadler would withdraw any imputation of bad 



errors ; and it djoes not argue well for the state of astronomioal scholarship 
that Buoh a ' stupendous fraud/ as one of the first of double-star observers has 
happily termed it, should have remained so long undiscovered." — En.] 

* [The difference between Herschers and Smyth's position-angles is i®'i, not 
o°'i as Mr. Sadler states, the actual figures for position-angle being 224^*9 <^^d 
226°-o, while those for distance are 60" and 55"'o. It is unfortunate that Mr. 
Sadler should have altered the figures in the position-angle and ignored the 
discordance in distance ; for the presumption that the ob^rvations had been 
oopied rests on the agreement witnin a fraction of a degree and of a second in 
both elements. — ^Ed.] 

^ [Cf. 'Observatory,' No. 8, p. 245, where M. Flammarion points out that 
Smyui may have written 27" for 67". There is, however, no evidence whatever 
that SmyUi's observation is erroneous. M. Flammarion found an annual 
proper motion of not quite x" instead of 4" as Mr. Sadler states.— £d.] 



Digitized by 



Google 



406 Proceedings at Meeting qf [No. 24. 

faith on the part of Admiral Smyth all ground for personal feeliDj^ 
would be removed, because as legitimate criticism no one could 
ol^ct to the paper. 

Mr, Sadler replied that he could not retract the grounds of his 
imputation, as he had given them in his paper and it must stand or 
fall by them. 

Mr, Ranyard supposed that what Mr. Sadler bad said might be 
interpreted by the Fellows in any manner that they chose, but he 
had not said that he imputed any ill faith. 

Mr. Sadler maintained that he had not said so. He had pointed 
out the remarkable coincidence between the observations, but he 
did not know that any one could say that he had imputed dishonestj 
to Admiral Smyth. He would be far from saying that Smyth had 
copied those things. 

Mr. Christie called attention to the fact that Mr. Sadler had dis- 
tinctly said that they had been copied, and that he had noted with 
an asterisk the observations from which Admiral Smyth appeared 
to have copied them, and all through the list of errata these observa- 
tions have been so marked. He did not see how Mr. Common's 
suggestion could be practically carried out, because the whole paper 
would stand or fall upon that point. 

Mr, Neison submitted that Mr. Sadler did not say *• copied," bnt 
^* appears to have followed ;" and he (Mr. Neison) should not have 
given the interpretation to certain words in the paper which had 
been placed upon them by some of the Members present. 

Mr. Christie thought if Mr. Neison had read a little further he 
would have seen that Mr. Sadler had said " so that any one may be 
able to detect the source of Smyth's error at a glance in cases where 
he has presumably copied the measures of others." 

Mr. Gill suggested to Mr. Sadler that he should withdraw the 
word " copied." 

The President inquired whether it was the pleasure of the 
Meeting that Mr. Talmage's paper be withdrawn, (Cries of No, no !) 

Mr. Penrose said that it appeared to him that it was impossible 
to acquiesce in the desire to withdraw Mr. Sadler's paper, unless it 
were explicitly stated by him that the insinuation which was the 
natural interpretation of his paper should also be withdrawn. If he 
did not do so something ought to appear in the Proceedings of the 
Society to denote that they were not themselves of opinion that 
Admiral Smyth palmed off the obf^ervations of others for his own. 

Mr. Ranyard observed that the Society does not endorse by any 
means all the statements in the papers that it prints, and it was most 
important that there should be the utmost liberty of criticism. Of 
course it was open to critics, on the other ifiide, to defend their 
friends ; and in the present case the Society was not pledge<l to any 
assertion made in Mr. Sadler's paper. He concluded that when it 
was allowed to be printed it was not considered by the Council to 
be sufficiently unparliamentary in its language to prevent its pub» 
licntion. 
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Mr, 2Wma^6 pointed out that at p. 191 of the ' Monthly Notices* 
Mr. Sadler had said, — " Smyth mistook Herschel's Serp (i. e. Ser- 
penUtrii) for Serpentis, and has measuredy therefore, a companion 
which has no existence, and, moreover, was careful that his mea* 
sures should agree with the supposed prior observation of Herschel. 
It is noteworthy that these measures are stated to have been made 
in the year 1835, in which year he did not make any measure of 
39 Ophiuehi. Smyth actually gives the colour of the star he did 
not observe I " * 

The President put it to the meeting that Mr. Talmage's paper be 
not printed in the * Monthly Notices * — which was negatived by a 
large majority. 

The President then introduced Professor Langley. 

Prof. Langley, I was requested by the Superintendent of the 
Coast Survey of the United States to make certain observations 
whilst I was in the Mediterranean on the character of astronomical 
vision at different altitudes. Unfortunately I did not reach Etna 
until the snows had set in. Climbing on Christmas day into a re- 

fion some three hours' journey beyond the furthest inhabited house, 
took up my quarters under a shed not unknown to some members 
of this Society, for it was occupied by one or two of them in June 
187 ii> My observations there led me to believe that the advantage 
of mountains, as far as regards steadiness of definition, had been 
much exaggerated ; but as regards light, there was an unquestion- 
able gain. My own eye is not at all sensitive to faint objects, and 
it would be very unfair to compare what I saw there with what such 
an admirable observer as Mr. Dawes could see here ; but I found that 
I could see with about the same apertures there what very much 
better observers than myself of such objects can see here. In the 
clear atmosphere of Sicily my brother, who has a better pair of eyes 
for such objects, discerned steadily nine of the Pleiades with the 
naked eye, and glimpsed two or three more. At this station, half- 
way up Etna, I saw very distinctly nine stars, and glimpsed almost 
any number beyond. The general conclusion was, that as regards 
faint objects by night, like the nebulae, the gain was very marked ; 
and also in the daytime as regards questions connected with solar 
physics, but most especially as regards the chromosphere, the gain 
was enormous. It is hardly too much tosa}^ in spite of all we know 
of unfavourable circumstances, that the future of solar physics is 
very largely bound up in this country with observations in a more 
elevated atmosphere. But having said that, I would like very much 
to suggest that some expression be arrived at (and this is especially 
a matter on which we want opinions from all sides) as to what does 
constitute conditions good for seeing. After great experience in the 

* rSmyth made three obBorrations of ^ III. 25 ; one of theae he entered, by 
an obyiouB slip, as 30 Serpcntia ; the other two, correctly, as 39 Ophiuehi. If 
Mr. Sadler had had the slightest acquaintance with Observatory work, he would 
have known that mistakes in the names of stars, leading to double entries, are 
everyday occurrences.— Ed.] 
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Rocky Mountains in the west of America, some in the Southern 
States, itonie in Egypt, some in Italy, and Home on Etna, I think I 
am nearly justified in the position that generally we want a very dry 
climate. I prefer a diy climate in a very elevated region ; but the 
firet gentleman that I ^poke to, whose opinion was authoritative on 
such subjects, especially on solar work, declared that he was ia 
favour of a climate in which the air was quite saturated with mois- 
ture, provided it did not present itself in the form of actual cloud. 
I have elicited some very different opini(ms in the course of my 
inquiry while in Sicily and in London, and the opinion was expressed 
that the climate at Greenwich was better than that of Columbia — ^a 
very singular statement, because we are all under the impression that 
the great work which has been done there has not been done on 
account of the purity of the air. And generally I find almost every 
gentleman inclined to think that almost any other station or obser- 
vatory than his own is more favourably situated. I have met with 
such a variety of opinions on the subject that what little couclusions 
1 thought I had arrived at seem to be entirely unsettled ; and it is 
for that reason that I have ventured to trespass upon your time to- 
night, in the hope of eliciting some contributions towards forming 
a better judgment in my own mind from that of gentlemen with 
wider experience. 

Mr. Brett, Professor Langley says very modestly that his eye 
is not particularly sensitive to delicate objects, and yet he can see 
the planet Mercury on the corona several minutes, I think, from the 
limb, and can see the corona for 15 minutes in broad daylight — an 
observation which was stated to this Society some years ago, and 
laughed at from one end of the room to the other. I am delighted 
that Prof. Langley is here this evening to corroborate what I have 
said before, viz. that you can see the Sun's corona in broad day- 
light. 

The President I do not know whether Prof. Langley can say 
that he can always see the corona of the Sun in broad daylight. 

Prof, Langley, Not always in broad daylight. I have thought 
I have seen evidence of it in daylight. I believe I saw Mercury just 
before it reached the limb, which seems to me to be evidence of the 
same kind. 

Mr, Christie, Prof. Tacchint, at Palermo, describes bis seeing 
the corona in full sunlight, not only in the immediate neighbour- 
hood of the Sun, but to a great distance from it, and on the very 
day of the late Eclipse of the Sun. He gives a drawing in the memoirs 
of the Italian Spectroscopic Society agreeing fairly well with the 
drawings made during the eclipse, and he attributes his success to 
the exceeding purity of the air at Palermo on that particular day 
when the dry sirocco wind was blowing. 

Mr, RanyartL No doubt a good many observers have thought 
they have seen the corona in some form chiefly near the Sun ; but 
some of the drawings of the corona made by such observers are 
certainly very unlike some of the drawings made during eclipses. 
I think the crucial test b whether such objects as the Moon can be 



Digitized by 



Google 



1879.] the Royal Astronomical Society. 409 

seen on the background of the corona. We hardly know what scat- 
tered light there may be throughout the atmosphere. It seems cer- 
tain that the Moon is not seen before it comes up to the Sun's disk 
in ordinary eclipses; but after it has come up to the Sun's disk and 
has cut off a very large portion of the light of the photosphere, there 
is very conflicting evidence as to whether even for a minute or so 
the Moon's limb can be seen outside the Sun. My own conclusion, 
from a great number of observations is, that occasionally it has been 
seen, but certainly not for lo or 15 minutes, and possibly it may 
have been when the Moon has been passing over prominences on 
the very much brighter parts ; but I should say that the evidence 
was entirely against the Moon's limb having been seen upon the 
corona. 

Mr. Neuon. Might I ask Prof. Langley whether it is not pos- 
sible that when Mercury was seen projected upon the corona, it was 
simply the atmosphere reflecting the light? for, as we know, in the 
case of Venus, it was seen 36 hours before the transit, which must 
have put it a very considerable distance indeed from the Sun, and 
quite out of the range of the corona. 

Prof, Langley* The circumstances under which I saw Mercury 
were altogether exceptional. At the moment of the first, contact 
there was the bluest sky that I had seen in the year at Allegheny ; 
and the reason why I believe that I was not biassed was that I was 
using a polarizing eyepiece, which changed the position-angle as I 
turned it, so that I entirely lost my position, and I did not know with- 
in 15^ on either side where the planet was coming on. Under these 
circumstances I distinguished Mercury in contact with the limb just 
discernible on a background of barely brighter sky. I revolved the 
eyepiece in order to make certain that no speck of dust or illusion 
arose from the eyepiece ; and I can hardly doubt that there was 
really an observation there which indicated something sufl[iciently 
bright to give that background. 

The President, I think the Society witl be extremely grateful 
to Prof. Langley for giving us an instance so thoroughly well re- 
corded of a very rare phenomenon. 

Mr. Ranyard, In a very faint light there is great difficulty in 
saying which of the two areas is the brighter; and I think that an 
observer ought to speak with very great caution, when he says that 
an area is marked out either by an outline, as it would be in the case 
of light reflected in the atmosphereof Mercury, or that it is marked 
out by an outer background rather brighter than the inner disk of 
the planet. ^ 

Capt. Noble, I have stated more than once in this room, that on 
two occasions when observing eclipses I have seen a projection of 
the Moon's limb to the extent of i' upon a bright background. 
Upon the first occasion I had a dark blue glass, and then the Pre- 
sident of the Society told me that that would account for any thing. 
1 tried upon the next occasion a glass of an absolutely different 
colour, so that no chromatic phenomena interfered, and there was 
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a visible'projection of the Moon's limb upon something brighter 
— I do not profess to say what — ^iu the neighbourhood of the 
planet. 

The following papers were announced : — 

J. Tehbutt Observations on Encke's Comet, 1878. 

Prof, A. Samtsch, Les longueurs du pendule a seconded Poul- 
kova, a St. Petersbourg, et aux diff6rents points de la Russie occi- 
dentale, corrigees de Tinfluence produite par la flexion des supports 
du pendule eonstruit par M. Repsold. 

Prof. A. Krueger. A formula for reducing precession in Right 
Ascension and Declination from Bessel's to Struve's Constants. 

E. L, Trouvelot, Observations of absorbing vapours upon the 
Sun. 

W. T, Lynn. On the change in the errors of Hansen's Lunar 
Tables between 1848 and 1876. 

W. T. Lgnn. Note on ij Draconis. 

A. Schuster. On the probable presence of Oxygen in the Solar 
Chromosphere. 

Prof. C. Pritchard. On the computation of the heights of Lunar 
Mountains from Photographic measurements. 

/. Birmingham. Note on Gruithuiseu's Lunar crater ** Schroter.*' 

The following were balloted for and duly elected Fellows: — 
Maures Horner ; E. E. Markwick ; A. £. Nevins ; C. C. 
Walker. 

The meeting adjourned at half-past ten o'clock. 

On the Recurrence of some of the Markings on Jupiter. 

Professor C. W. Pritchett having lately published in the 'Obser- 
vatory ' the account of a remarkable red spot seen by him on Jupiter, 
on the night of July 9, 1878, it may be of some value to record the 
observations of a similar phenomenon seen later in Cambridge, 
U.S., especially as the two phenomena seem to be d i recti v connected. 
While observing Jupiter on September 25, 1878, at 6^ 30" C. M. 
T., a very remarkable red spot was seen just a little above the 
southern edge of the equatorial belt, its centre being then situated 
a little to rhe east of the central meridian. This curious object, which 
apparently occupied one fifth of the planet's diameter, was very con- 
spicuous, its intense rose-colour appearing in strong contrast with 
the white luminous background on which it was projected. It was 
of the same uniform shade throughout, without any dark border, its 
vivid rose-colour forming the whole spot. It appeared isolated from 
and perfectly independent of the equatorial belt, from which it was 
separated by a brilliant white band. In shade, the colour of this 
spot differed totally from the pale pinkish colour of the equatorial 
belt, or from any thing I have ever seen on Jupiter; a mixture of 
vermilion and white would very nearly give the shade of this mark. 
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The annexed figure is a copy of the original drawing made im- 
mediately after the observation, a being the red spot. 




Since this observation was made, the return of thesame spotliasbeen 
observed and drawn fifteen times,it havingbeen last seen onDecember 
30 ; after this time it became impossible to follow it any longer, oa 
account of the proximity of the planet to the sun. The form of this 
spot changed somewhat during this period, as when first observed it 
was narrow and elongated, while at last it was shorter, much wider, 
and extended further in the south. 

It is perhaps a very curious fact that this object corresponded very 
nearly in position with the rose-tinted elliptical cloud observed by 
Prof. Pritchett on July 9, or 77 days before*! saw it for the first 
time, the planet having rotated very neary 188 times during this 
interval. However, it was certainly not the same identical spot seen 
by Prof. Pritchett, since he was unable to see it again on July 10 
and 15, when it should have been visible if it still existed; while 
I also failed to see this spot on September 6, 10, 15, 20, and 22, 
when Jupiter presented the same region to the observer. Between 
September 19 and 20, considerable changes occurred in the 
markings of the planet, the southern border of the equatorial belt 
assuming at one point a very characteristic angular form, which on 
the 25th was recognized on the west of the red spot and quite close 
to it. If the red spot had existed on the 20th, it is impossible that it 
should have escaped unnoticed, as the atmospheric definition .was 
very fine on that night, and a good drawing of Jupiter was obtained. 
It seems certain therefore that this spot formed between the 22nd and 
25th of September, as it was not seen on the 22nd at 7^ o" C. M. T. 
It is very remarkable that this spot appeared precisely at the same 
place, or at least very nearly so, where a similar object had been 
observed over two months before. The recurrence of some of the 
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markings of Jupiter at the same places where similar forms had 
already been observed previously, although quite a rare phenomenon, 
is not, however, without precedent, as appears from my observa- 
tions of this planet. For instance, the angular marking on the 
southern border of the equatorial belt described above, and near 
which the red spot made its appearance, very strikingly illustrates 
the phenomena of recurrences, since this spot so familiar to me 
has disappeared and reappeared three times in a period of observa- 
tions embracing a little over one year. 

Perhaps it is worthy of remark that the two markings on which 
I have observed a recurrence were situated very near each other. 

The angular marking of the southern edge of the equatorial belt 
was not seen once in 1876, during the 130 nights on which Jupiter 
was observed; it was first seen on April 14, 1877, on the second day 
of my observations of this planet in that year. It continued to be 
visible for six months, until September 14; after which date the 
markings of thb part of Jupiter changed and appeared totally dif- 
ferent On September 16, 18, 23, the planet presented the same 
side to the Earth ; the definition was good on these nights and the 
sky clear, but the characteristic spot was not seen. However, on 
September 26, twelve days later, the same remarkable form was found 
in the same place, and it continued to be visible for forty-one days 
longer, until November 6. The same part of the planet was observed 
on November 13, 15, and 17; the angular spot was not there, but a 
straight uniform border in its place. Twelve days later, on Novem- 
ber 19, a similar form had reappeared in its place, with its charac- 
teristic features. The observations of Jupiter were abandoned on 
December 10, when the planet was too near the Sun, and they were 
only resumed systematically on September 6, 1878. On the 8th of 
that month, an angular marking, resembling exactly that observed the 
previous year, was seen on the same part of the southern border of the 
equatorial belt. On September 10 and 15 it should have been seen, 
as the planet presented the same side to the observer, but in its place 
the border of the equatorial belt was straight and uniform. Strange 
enough, twelve days later again, on September 20, a similar form re- 
appeared again in the same place, as stated above ; and from this time 
it remained unaltered and visible until the close of my observations 
on January 12, 1879, when Jupiter was too near the Sun to be ob- 
served. The return of the angular marking has been observed and 
drawn 62 times during the twelve months that Jupiter was observed 
on every clear night. 

This singular phenomenon of recurrences would seem to indicate 

that local causes participate in a certain measure in the production 

of the markings on Jupiter, while the recurrence of the same form 

on three difierent occasions, twelve days after its disappearance, 

would seem to indicate a periodic action in these causes. If it were 

proved that local causes sometimes give the markings on Jupiter, 

such spots would best give the period of rotation of the planet, 

as they would be less apt to have a proper motion. 

Cambridge, UJSJk., E, LEOPOLD TroUVELOT* 

1879, Jan. %o. 
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Schmidt's Lunar Map. 

Closely following the appearance of Lohrmann's complete 
sections, edited by Dr. Schmidt, we have this author's own lunar 
map published by the Prussian Government. Dr. Schmidt's great 
work, which he calls a chart of the lunar mountains, is, like 
Lohrmann's, in 25 sections, which would form a map of six French 
feet diameter, about 6 feet 6 inches English. The sections, how- 
ever, are intended to remain separate, each one forming a map in 
itself, graduated at the edges, and they are thus evidently more 
convenient for reference than if joined together. They are in 
photo-lithograph, made from the original chart at the office of the 
Prussian General Staff. 

It redounds highly to the honour of his Imperial Highness the 
Crown Prince of Prussia that it was at his request, and under his 
auspices, that the publication of the work was undertaken by the 
Government, which has thus been the means of giving to the world 
a performance that must be placed among the greatest feats of 
astronomical science and observation, while it must rank among 
the most distinguished achievements of German capability and 
perseverance. 

In the volume accompanying the map, Dr. Schmidt gives a 
history of his labours, which may here be briefly referred to. 

In the autumn of 1839, when of the age of 14 years, and at his 
own home at Eutin in Oldenburg, a copy of Schroter's work on the 
Moon came into his hands, and he was so struck with the figures 
of the shadow-throwing hills and craters, that the effect in a great 
degree fixed the bias of his after life. His own first observations 
were made with a small telescope, the work of his father; and 
with the instrument steadied by a lamp-post, he made his first 
attempts at sketching. The study of Schroter's work, together with 
observing and sketching, now became his chief employment, and 
it was not long before he constructed a rough wooden stand for his 
telescope, which greatly facilitated his observations. At length, 
owing to the kindness of a gentleman, who noticed the industry of 
the young astronomer, he procured, early in 1841, the loan of a 
4-foot Doliond, with a power of 15 to 20. In July of the 
same year he saw, for the first time, the Moon in a larger telescope. 
This was at the Altona Observatory, where Petersen showed him 
the craters Bullialdus and Gassendi'; and now he got a fair idea of 
the rich abundance of lunar objects, both by his observations with 
the large instrument, and still more by what he saw in Madler's 
chart, which he found at the observatory. In 1842 he came to 
Hamburg, and through the goodness of the director of the obser- 
vatory, he had the use of several telescopes from 1842 to 1845. 
In 1845 he came to the Bilk Observatory, where he made but little 
progress in his lunar sketches. 

It seems worthy of remark that the scientific ardour of the worthy 
director of this observatory, Herr Benzenberg, was just sufficient to 
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allow the young astronomer the use of only a wretched instrument, 
while the principal telescope was rigidly tabooed, so that its out- 
ward good looks and polish might not suffer by handling I Very 
different was the conduct of those able men, Galle and Bruhns, 
who subsequently placed the great Berlin refractor at Herr 
Schmidt's disposal on several occasions. From 1845 to 1853 he 
was employed at the Bonn Observatory, where, on account of other 
work, he was -not able to pursue his lunar studies in the usual 
manner, though still he succeeded in making many useful sketches. 
From 1853 to 1858, at the Olmiitz Observatory, he made not many 
drawings, but numerous micrometrical measurements. In the 
interim, in March 1855, he sketched at the great Roman refractor^ 
and in April at the observatory at Naples. 

On December 2, 1858, Herr Schmidt came into his present 
position as director of the Athens Observatory, where the condition 
of things prevented all observing for a whole year, until the 6-foot 
refractor by Pldssl was again set up. From February i860 to 
the beginning of 1865 considerable progress was made in lunar 
observations, although the greater part of the time was occupied 
with other work. 

At length Dr. Schmidt determined to lay down all his frag- 
mentary surveys on a 6-foot map, for the purpose of seeing what 
parts of the Moon had been neglected in his work, which was 
principally expended on certain favourite areas. All this time, 
however, he had no notion of completing any general chart, not 
seeing that he could ever bring to an end the delineation of the 
lunar surface as it appeared in the 6-foot Plossl. Simultaneously with 
this, in 1865, he seems to have begun a map of i metre diameter, 
in 4 sheets, in which the principal objects were laid down from 
Madler, and the details of his own observations added in. He now 
very soon found how much he wanted and how little he possessed ; 
and he was obliged so to extend and repeat his observations, that 
the older ones became at length of little importance. 

Nine years longer were devoted to this work, until, in July 1874, 
he determined on concluding it, as it became manifest that for an 
exhaustive representation of all the details of lunar features, visible 
in a 6-foot refractor, would be required more powers of endurance 
and a longer lifetime than are allotted to mortals. 

Dr. Schmidt seems not very clear on the subject of these maps. 
For two years, he says, he worked at the first great map already 
referred to, and added from time to time all the results of the Athens 
Observations, until it became evident that this would lead to no 
satisfactory conclusion. The division into four parts was incon- 
venient for several reasons; and Dr. Schmidt finally determined on 
a 6-foot map as before, but divided into 25 sections, corresponding 
with Lohrmann*8, but of course, on double the scale. The gradua- 
tion was copied from Lohrmann ; but it was afterwards discovered 
that it would have been better if this work had been done specially for 
the new map. If Lohrmann's sections contained faults of graduation, 
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on account of the paper suffering unequal pressure in the printings 
the errors in Schmidts would be somewhat greater, as not aloue 
adopting the faults of the original, but suffering from imperfections 
of their own, induced by the unequal expansions of the different 
papers on which the sections were drawn. But this, after all, was 
of little import. Although the margins of the sections might not 
close so well together as was desired, still the delineation of details 
succeeded in the main as intended, and greater faults were happily 
avoided. 

The construction of this second map was continued without 
intermission, except from August 1869 to April 1870, and in July 
and August in each year, and meanwhile every favourable time for 
observation was made use of. In 1873 and 1874 the non-topo- 
graphical part of the map (that is, thtg colouring) was added. 

it was found that in the course of eight or nine years' working 
at the sections, the parallel and meridian lines were obliterated, and 
an attempt in 1874 to restore them was unsuccessful, because in 
the mean time the surface of the paper had become too rough. Each 
section has, however, the graduation at the margins, so that approxi- 
mate positions can be determined. For several considerations, it 
was decided to write no names in the sections, but to confine them, 
in number over 500, to the descriptive letterpress. 

In 1874 the author brought his chart to the observatory at Berlin, 
where it excited so much interest that it was determined to publish 
it under state patronage. At the instance of His Imperial Highness 
the Crown Prince, the 25 sections were photographed at the 
General Staff Office, under the direction of Count von Moltke ; and 
Dr. Schmidt, having received proof-sheets in April 1875, was thus 
assisted in proceeding with the descriptive text, which he had 
commenced in 1873, Only the observations from T842 to 1874 
have been made available for the chart. The sketches of previous 
years were considered imperfect, and were rejected. 

J. Birmingham. 
[To be continued.] 



Double Stars for April. 
From R.A. 7^ 33" to 9^ the following pairs are the most important 
Pollux. R.A. 7' 37"-9, Dec. +28° 19'. 
Mag. A 2, B 14, C II, D 12, E 10. 



AB 
AC 


1877-95 


274-9 
72*1 


43 
175-0 


Bumham's companion. 
Flammarion. 


AD 
A£ 


•08 
•08 


90-4 
75-2 


205-5 
2289 





Flammarion observes that C is probably a variable, inasmuch 
as it was not seen by H and So. DA. and Sm. saw it in 1832. 
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0-82 


Sporer. 


•7 


•68 


Dembowski, 


131-2 


••• 


Doberck, 


•7 


5-29 


Dembowski. 
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The principal star is remarkable for its large proper motion. Mr. 
Burnham has lately found that B is double; his measure is 128^, 
i"'4, 1878-19. 

2 1196=4: Cancri. R.A. 8* s"-3, Dec. + 18° i'. 
Mag. A 5, B 57, C 5*5. Colours yellow. 

A B 1877-18 

AR ''7 

:^ and C 1877-32 

2 -29 

The star G is remarkable for the irregularities of its curve, several 
loops having been described since 1827. 02 was the first to notice 
and investigate these curious epicyclic curves (see Pulkowa Obs. 
vol. ix.). M. Flammarion noticed and examined them in 1873. 
•The period of B appears to be about 60 years, 

S 1273 = e Hydrae. R.A. 9" 4o»-4, Dec. +6° 52'. 
Mag. A 3'8, B 7*8. Colours, A yellow, B blue. 

187623 2i8°-s 3"s Gledhill. 

A beautiful pair. Binary. Common proper motion — o'-oi3 in 
R.A.,and -f-o"o4 in N.P.D. 

The position of Hall's new companion is about 190% distance 
about 12". Burnham gives the following: — 

1878-00 i92°-2 i4"'74. 

OS i3o6=«r2 Ursffi Majoris. E,A. 8^ S9°»-8, Dec. +67° 37'. 

Mag. A 5, B 8-2. 

1876-2 244°-8 2"*7 Gledhill. 

Much uncertainty attaches to the conclusions drawn from the 
measures of this object. It is probable that the two stars form a 
physical system. Joseph Glkdhill. 



Meteor Notes for April. 

The last half of the month is available for a.m. watches, and from 
the 8th to the 26th for p.m. watches. The Lyrids of the I9th-20th 
are the most important shower, though since the maximum in 
1863-4 it does not appear to have been well observed. The exact 
agreement of its radiant-point with that of its allied comet (1. 
1 861) is a little questionable; hence we especially require further 
observation of these meteors, and an accurate redetermination of the 
radiant. There are a large number of other showers visible at 
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this epoch, Beveral of which, situated eastwards of the LyridSf 
have only recently been found. A projection of the paths of about 
300 shooting-stars (apparently directed from such radiants) recorded 
in foreign catalogues (chiefly that of Dr. E. Weiss, which includes 
a large proportion of April meteors) indicated the following centres 
for April 19-23:— 280* +58° (22 meteors), 295° +42° (25), 288° 
+ 22°(2o),309° +36° (30), 316° +6i°(i6), 309° +68^(15), 284° 
4-44^(11), 312° +22° (13), and several others of minor importance. 
The first of these coincides with Mr. Greg's Draconids IT. at 281° 
+ 57°, April 2o-May 25. The next two are new positions; of the 
remainder, the centre near e Cygni is the most active and corre- 
sponds with Mr. Greg's CygnidM I. at 305^+37^9 March 15-April 
20. Westwards of Lyra many other radiants are given in the 
catalogues of meteor observers, including positions at 204° + 56°, 
235^ +23°, and 258° +37°. The latter was well seen by Zezioli 
during the first half of the month, and is a shower distinct from the 
Lyrids, Fireballs should be expected on the nights of the iith-i2th, 
which shows a very decided epoch of intensity of these phenomena. 
The major radiant (found by a projection of many bright meteors 
seen on these dates) is in the Lynx at about 106^ +46°, with a 
bordering shower at 121° +41^ &nd others in the fore part of Ursa. 
Yon Niessl determined a radiant of two fireballs on Aprir9-io at 
18° +57°. The occurrence of a special shower of some intensity 
is to be inferred from the large number of fireballs recorded on 
about the iith-i2th. 

Recent Observations. — Mr. J. L. M^Cance, of Putney Hill, 
London, observed a meteor sRigel at 6.43 p.m. on Feb. 20. Path 
from 25° +40° to 32° +35°; colour white, with a yellowish tinge. 
Near the end of its track a smaller luminous body was projected some 
5' or 6' in front of the nucleus. Duration 2-3 sees. 

The York • Herald ' records the appearance (on Feb. 24, shortly 
before 3 a.m) of a pear-shaped ball of fire in the northern heavens, 
which travelled slowly downwards towards the horizon and emitted 
scintillations and a light of great brilliancy almost equal to that of 
day. Afterwards a sound, described by some as resembling the 
discharge of heavy cannon, and by others as that of the rumbling 
of distant thunder, wa^ heard ; but in all cases it seems to have been 
sufficiently violent to rattle windows &c., and to have raised various 
speculations as to what could be the cause, some ascribing it to an 
earthquake, others to lightning, while others who saw the meteor 
set it to the account of an unearthly visitor. 

On March 2, at 6.15-20 p.m., afireball was seen at Winchester, 
and described to Mr. M^Cance as having an apparent path from 70*^ 
— 20° to 85° —25°, but the end point was hidden by trees. The 
meteor appeared quite round and about I -3rd the size of the full moon. 
It was yellowish in the centre and red towards the circumference. 

March 8, 7.20-25 p.m., fine meteor =1^, seen at Bristol. Alt. 
18° in S.S.E., descending obliquely towards S,E, Rather long 
path. Train ; rapid. 
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March 9, 8.30 p«M.y ''a meteor of considerable magDitude 
appeared in the northern sky (at Bristol), passing from east to west ;" 
and on March 12th another brilliant meteor was seen thereat 7.35 
P.M., with a path approximately observed at 210° +40** to 197® 
+ 7°; slow motion; train. The same meteor was seen by Mr. 
Christie at Blackheath near London at 7.37 p.m., and the recorded 
path is almost identical with that noted at Bristol, viz. from 205^ 
+ 35'' to 196° +6*^. At Blackheath it was rated = or > ? . Fine 
meteors were also seen at Bristol on March 7, 13, and 17. 

W. F. Denning. 



CORRESPONDENCE. 
To the Editor of 'The Observatory: 

The Spectrum of 7 Argib. 

Sir, — I measured the bright lines in the spectrum of y Argiis on 
two evenings very carefully, and thought perhaps it might be of some 
interest for 'The Observatory.' Only three lines could be measured, 
and only three bright ones could be distinctly seen ; others suspected 
were evidently bright spaces only. 

Yellow ( ': '^^^^^^"gth 5760. 
1 2, ,, „ 5648. 
Blue .3, „ „ 4682. 
Wave-lengths according to Angstrom's Normal Spectrum ; Grubb 
spectroscope on Melbourne reflector. 

I am, Sir, yours faithfully, 
Melbourne Obaervatory, RoBERT L. J. Ellert. 

1879, Jan. 24. 

Brorsen's Comet. 
Sir, — I have the honour to communicate to you, at the request of 
M. Tempel, the following observations of Brorsen's comet: — 

Flprenoe 





Mean Time. 


R.A. 


Dec. 






h m B 


h m B 


1 j< 


Stan. 


10. . , 


.• 7 27 59 


I 28 29*82 


31 38-5 s. 


a 


10.. 


•• 7 43 4 


I 28 3274 


31 77 S. 


b 


14.. 


. . 7 II 21 


I 41 46-54 


2 54 19-2 N. 


e 


14.. 


.. 7 35 56 


I 41 49*20 


2 55 37*9 N. 


d 



Comparison stars :-=-a, Borg. Cop. 353-4 ; 5, W. B. i. 491; e, Schj. 
530; d^ Lai. 3230-1. 

The second and fourth observations deserve, according to M. 
Tempel, more weight, the comparison stars being better situated 
with respect to the comet 

I am, Sir, yours faithfully, 
Paris, 1879, March 23. L. ScHULHOF. 
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NOTES. 

Changes in the Vertical*. — In making some observations 
with a sensitive level on the shore of the Lake of Geneva, 
M. Flantamour noticed remarkable changes in the course of the 
day, the east end rising steadily from about lo a.m. to 4 or 
5 P.M. on three successive days, the extent of these oscillations 
being 8"-4, ii"*2, and i^5"'7S respectively. As the foundations of 
the building had only been laid a year and were perhaps too near 
the lake, M. Flantamour repeated the observations in his cellar, 
which has a solid foundation of concrete, and in which the tempe- 
rature hardly varies, ranging between 13° and i3°'5 Centigrade 
during the whole of the observations. Similar results were ob- 
tained, there being at certain periods a gradual elevation of the 
east without sensible return, at others a certain degree of fixity in . 
the horizontal plane, and finally, for periods of greater or less dura- 
tion, oscillations of the soil, sometimes in the east and west direc- 
tion, sometimes in the north and south, the greatest of which did 
not aniount to 20". It is important to mention that observations 
by M.Turretini at a station 3 kilometres distant, show that the 
continuous elevation of the east went on simultaneously at the two 
places. 

M. d'Abbadie, with reference to this communication of M. 
Flantamour, gives a summary of his own and other observations of 
changes in the vertical. The roost important of these were de- 
scribed in <The Observatory,' N^ 14, and an account of his 'Nadi- 
rane ' given. It is interesting to note that though M. d'Abbadie's 
observations were made within 400 metres of the sea-shore, the 
changes in the vertical cannot be explained by the action of the 
tide, for out of 359 consecutive high and low tides observed, only 
243 are favourable to the attraction of the flood, whilst of the it6 
others there are 57 for which the waters of the ebb would appear 
to attract the plumb-lime. M. Bouquet de la Grye at Campbell 
Island found that the heavy sea from the south made itself felt 
by a deviation of i"«i in the vertical. On one occasion the plumb- 
line changed 3'''2 in three hours and a quarter. With reference to 
the enormous fluctuation of 17" found by M. Flantamour, M. 
d*Abbadie asks whether this may be a result of the proximity of 
the Alps, the more recent formation of which might lead us to 
suppose the immobility much less absolute. 

Variable Stars f^^—Dr. Schmidt, of Athens, gives an account 
of his observations of a number of variables in 1878, including a 
new one in the Orion-nebula* This star, which is 34'*3/and 305" t 
of Q Orionis, was, on 1878, April 3, extremely faint, being only of 
12*8 mag., whilst on April 4, 5, and 19 it had decidedly increased 

* Oomptes BenduB, Vol. Izxzvi. No. 25. 

t Astron. Noohr. NO0. 2213, 2220, 2221, 2227. 
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in brightness, and was then of 9*7 mag. Dr. Schmidt also calls at- 
tention to the star B. D. 19** 45" 55''7 +24° 37''o, which Heis 
notes as of 5 and 5*6 mag. in his ' Uraoometria ' and Catalogue re- 
spectively, but which, in September last, was of 6*7 or 6*8 mag. 
Its magnitude is given by Lalande as 5, by Bessel as 7, and by 
Argelander as 57. 

Herr Schwab finds evidence of variability of both y and e Pegasi. 
The former has a period of 27 J days, ajid it is equal in brightness 
to a Pegasi at maximum and to 17 Pegasi at minimum. We are in- 
clined to think, however, that a and 17 Pegasi are also themselves 
variable. The period of e Pegasi appears to be about 25I days. 
Herr Schwab satisfied himself that the apparent variability was not 
caused by the presence of the Moon, although it was near the star 
at the time of minimum. 

M. Palisa finds from his observations a period of 220 days for the 
new variable V Scorpii : the last maximum occurred in the middle 
of March last Herr Dun^r announces the discovery of a new 
variable, 182 Schj., which he proposes to designate V Coronas. The 
star is marked as of 8*5 mag. in the Bonn Durchmusterung ; but, 
on April 21 last, he found it was barely of 10*5 mag. On exa- 
mining it again on Sept. 20, it was of 7*8 mag., and by Oct. 5 had 
risen to 7*5 mag. Herschel, in his Cape Observations, gives its 
magnitude as 9*5, and Birmingham on 1873, March 14 and 19 and 
April 20, and 1874, April lo, was not able to see the star at all ; and 
Ball, on 1876, Aug. i, could find no star of 8*5 mag. in the place. 

A New Binary*. — Mr. Burnham finds that the distance of the 
small companion of 99 Herculis, which was about i"7 in 1859, wh<>n 
Mr. Alvan. Clark discovered it at Mr. Dawes's observatory, has 
now decreased to i"*o, so that, on account of the faintness of the 
companion (iO|| mag.), this is now a moderately difficult object with 
the i8||-inch refractor of the Dearborn Observatory, Chicago. The 
position-angle has in the interval increased from 347^*2 in 1859 to 
24°'4 in 1878, or at the rate of about 2° per annum. 



Star-Sfectba t — Herr Dun6r gives a list of stars of Secchi*8 
types III. and IV., which he has spectroscopically examined at Lund, 
with descriptions of peculiarities in their spectra. Twenty-five 
stars belong to type III.=sclass III. a of Vogel, and fifteen to type 
IV. or class lll.\ the latter being mostly faint stars. In type III. 
are included the variables R UrssB Majoris, R Aquilae, S Corons, 
T Unise Majoris, R Aquarii, R Cancri, R Vulpeculae, T Cassiopeae, 
and aUo /i Ursae Majoris, X Draconis, and X UrssB Minoris ; in 
type IV., V Coronse, S Cephei, and a number of red stars on Schjel- 
lerup's and Birmingham's lists. Herr Duner makes a few correc- 
tions in Secchi*s ' Catalogue of Star-Spectra.' 

* Astron. Nachr. No. 2114. 

t Astron. liachr. Nos. 2209, 2228, 
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New Method for determining Astronomical Flexure*. 
— Several plans have been proposed for determiQing this important 
instnimental correction, which is one of the chief causes of sys- 
tematic error in catalogues of fundamental stars; but they appear 
to be all liable to objection, and no attempt has ever been made to 
apply any one of them in practice. M. Loewy has devised a new 
method which it is intended to apply to the Bischoffsheim meridian- 
circle. He proposes to place at the centre of the central cube of 
the instrument a concavo-convex lens from ij to 3 inches diameter 
and about i inch thick, having its concavity turned towards the 
eyepiece^ and of radius equal to its distance from the wire frame, 
so that a reflected image of the wire would be formed by its sidcy 
and thus the flexure of the eye-end would be determined as the 
telescope is turned. The convex surface of the lens is worked to 
such a radius that its focal length is one-fourth that of the object- 
glass; and thus the image of a point on the object-glass is also 
formed by the side of the wire, and being observed in the eyepiece 
as the telescope is turned, the sum of the flexures of the two ends 
of the instrument 13 determined. In both cases the result is affected 
by any small displacement of the lens in the cube ; but this M. 
Loewy proposes to determine and allow for in the following manner. 
At the two sides of the lens towards the pivots of the transit-circle 
are worked two surfaces, one spherical, the other a plane inclined 
45^ to the axis. The rays from a point in one of the pivots, after 
falling on the convex surface, are reflected by the plane to the eye- 
end, where they form an image of the point, the curvature of the 
convex surface being such as to bring them to a focus. By com- 
paring the images of the wire and of the point on the object-glass 
with that from the pivot, it would be easy, by combining the results, 
to eliuiinate the efiect of the apparatus. Experiments have been 
made as to the effect of spherical and chromatic aberration with 
such a lens ; and M. Loewy finds that with an aperture of from 0*6 
to I' 2 inch the images are slightly coloured and perfectly sharp. 
Admiral Mouchez has sanctioned the construction of the apparatus, 
and MM. Henry have undertaken the task. 



A FINE PROMINENCE was sccn by Mr. John Hickley at Walton, 
near Glastonbury, on 1878, Dec. 20, from o^ to i\ The chromo- 
sphere in this part was very bright and ragged, and from it rose, of 
uniform brightness and sharpness, a prominence which went through 
various changes till it almost or quite disappeared. First, it was a 
pointed wave or cone, then rose higher and the greater part became 
detached from the base, and, after fluctuations, became gradually 
broken up into pieces which rose to a great height and covered a 
great space. There were no violent movements, but a constant and 
rapid change. This was seen with the slit tangential. When placed 
radial, near the end of the display, the dispersed portions were seeq 
* Comptes Bendus, Vol. Ixxxvii. I^o. 24. 
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extending a long way upon the Fraunhofer line C. Mr. Hicklej 
also saw a large prominence on 1879, Jan. 2, but this underwent no 
change. He remarks that this prominence was less dense and bright 
than the chromosphere, whereas the uplifted portion of that seen 
on Dec. 20 was of the same shade and apparent density as the 
chromosphere ; and when this is the case he has learnt that change 
is likely to occur. 

Changes in the Latitude op the Paris Observatory*. — 
The question of the stability of the vertical having engaged the 
attention of several astronomers, and in particular of M. d'Abbadie 
(c/*. * Observatory, No. 14), Admiral Mouchez, the Director of the 
Paris Observatory, has taken up the subject, and proposes to devote 
the Bischoffsheim meridian-circle by Eichens to the investigation. 
At hissuggestion,M«Gaillot has discussed all available determinations 
of latitude with the Gambey circle, of which there are 1077 made 
by 10 observers in the period 1856-1861. The changes are exa- 
mined under four heads : — (i) Progressive, (2) Annual, (3) Diur- 
nal, (4) Accidental, (i) Progressive changes: The differences 
in the results for the several years are evidently accidental, being 
alternately positive and negative, and of the same order as the 
differences between the results of the several observers. The ex- 
treme range in the yearly means for latitude is o"*63. (2) Annual 
changes: The discussion of these was undertaken in 1865 at 
M. Le Verrier*s request ; and the following are the results for the 
excess of each month over the mean of the year : — 

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct Nov. Dec. 

iJ Ji U U II II II tl II II II II 

—0*23 — o*o6 — 0*03 -|-o'io +o'i6 +0*25 +0*25 +o-i6 +0-13 — o'07 — o'li — 0*27 
The change though small is regular and well marked, and may be 
represented by the formula 

3X=+o"-20 8m[j|2jx(<-95)], 

where t is the number of days elapsed since Jan. i. Without ex- 
cluding the possibility of an annual oscillation of the vertical, M. 
Gaiilot thinks that the variation may be explained by small changes, 
dependent on temperature, in the coefficients of refraction and 
flexure. (3) Diurnal changes: The day-observations in 1856 
give ii"78, and the night observations ir'*8i for the seconds of 
latitude, thus showing no trace of a diurnal variation. (4) Acci- 
dental changes: The extreme deviations from the mean are 
— 3''*i7 and +2'''4S: and M. Gaiilot considers that these fall 
within the limits of reasonable error of observations made in the 
midst of the bustle of a large city, which causes troublesome tremors 
in the mercury. He concludes, therefore, that there is no need to 
call in the aid of any deviations of the vertical to explain them, and 

* Gomptes Bendus, YoL Ixnvii. No. 19. 
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that such deviations, if they exist, are too small to be determined 
by observation. Taking into account the uncertainty resulting from 
abnormal refraction, and from the imperfection of the means of 
observation, M. Gaillot estimates that the possible error of latitude 
could hardly exceed 0^^*20. 

Visibility of the Corona in full Sunlight*. — Prof. Tac- 
chini records a remarkable view which he had of the corona on 1879 
July 29, under very favourable atmospheric conditions at Palermo, 
the sky being of that exceptional transparency which is a sure indi- 
cation of either a low or an upper current of the Sirocco. He hid 
the disk of the Sun, as he is in the habit of doing on similar occa- 
sions, and saw the corona so distinctly, that he made a sketch of it, 
which agrees remarkably with a drawing made on the same day in 
America by P. Sestini during the eclipse. At Palermo the corona 
was of course seen without the intervention of an eclipse, and the 
rays and streamers appear to have been distinctly traced to a distance 
of I j° from the Sun's centre on the one side, and of |^ on the other. 
This observation is, as regards the extent to which the corona was 
visible, unique — though Mr. Brett many years ago pointed out that 
the corona could be seen in the neighbourhood of the Sun without 
an eclipse (a statement much ridiculed at the time), and several ob- 
servers, including M. Janssen and Prof. Langley, have seen it as a 
bright background on which Venus and Mercury stood out as black 
disks outside the Sun's limb at the late transits. 

In comparing his observations of the chromosphere on the day of 
the late eclipse with the representations of the corona. Prof. Tac- 
chini finds that the most vivid rays in the latter correspond to the 
regions of iron and magnesium and 1474 K in the northern hemi* 
sphere ; and thus, with the present minimum of spots and other solar 
phenomena, it would have been natural to expect an absence of 
well-defined vivid plumes, leaving merely a modest aureola with 
rays more marked in the northern hemisphere, as, in fact, was the 
case. He contrasts the photograph taken by Davis in India in 187 r, 
showing 27 bright rays nearly all equal to the Moon's radius in 
extent, besides others smaller but very bright round the whole limb, 
with Draper's photograph in 1878, in which the absence of detail 
proves that the Sun was enveloped, as it were, in a nebulous stra- 
tum of uniform extent and brightness, just as the chromosphere and 
photosphere also are now unifoimly calm. Notwithstanding certain 
discordances, the drawings and photographs all agree in indicating 
a great extension of the corona in the plane of the Sun's equator. 

Prof. Tacchini considers that photography is incapable of repro- 
ducing the ensemble of the phenomena during an eclipse, just as it 
cannot reproduce the granulations ; but he appears to have come 
to this conclusion without sufRcient examination of the subject. In 
M. Janssen's photographs, and also in those taken daily at Green- 

« Memorie degli Spettrosc. ItaL 1878, Oct 
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wich, granules of a fraction of a second of arc in diameter are di- 
stinctly represented with one and the same exposure, not only in the 
middle of the disk, but also near the limb ; and it is a question 
whether they can be seen so well with a telescope. It is undoubtedly 
true that a single photograph cannot well represent the dazzling pro- 
minences and the fainter portions of the corona ; but by taking 
several with different exposures, the whole of the phenomena may 
hefaithfuUy reproduced^ which is more than can be said in the case 
of drawings. 

New Nebulje*. — M. Stepfaan, Director of the Marseilles Obser- 
vatory, gives a list of 39 nebulae discovered by him in 1878. Of 
these, two are in Sir J. HerscheVs Catalogue (though there is an 
error in the N.P.D.) ; the others are presumably new. They are 
all faint objects. M. Stephan has already discovered a large number 
of new nebulae, having been much favoured in his search by the pure 
sky of Marseilles. 

Search for Vulcan. — At the Royal Observatory, Greenwich, 
a close scrutiny of the Sun's disk was kept up from sunrise on the 
morning of March 19 (civil reckoning) till past noon, and sixteen 
photographs were taken during the interval ; but no spot of any 
sort was seen. We may therefore conclude that M. Oppolzer s 
hypothetical planet does not exist. 

Senor Arcimis, writing from Cadiz, states that bad weather pre- 
vented him from keeping a regular look out; but from March 18, 
22^ 45", to March 19, o^ 17™, he observed the Sun through breaks 
in the clouds, and saw nothing of the suspected planet. 

In connexion with this question, P. Ferrari f has brought to light 
an interesting observation by the well-known astronomer De Vico. 
In the *Memorie dell' Osservatorio del Collegio Romano' for 1838, 
De Vico, in speaking of his observations of sun-spots, adds that he 
watched carefully for transits of asteroids such as he had the for- 
tune to observe in 1837. Decuppis, a friend of De Vice's, sup- 
plies the date of this observation in the 'Album ' for 1838, July 7, 
where he states that on July 12, 1837, De Vico saw a very small 
and perfectly round spot, without trace of penumbra, traverse a good 
part of the Sun's disk in the short space of 6 hours. 

DiscovBRY OF Minor Planets. — A new planet, of the eleventh 
magnitude (No. 192), was picked up by M. Palisa at Pola on Feb. 
17, and another of the twelfth magnitude (No. 193) by M. Co^ia at 
Marseilles on Feb. 28. 

Prof. Peters, at Clinton, N.Y., announces the discovery (presti- 
mablyon March 21) of two minor planets of the eleventh and tenth 
magnitudes respectively. __,,_^ 

* Oompies Bendus, Vol. LoaWi. No, 23. 
t Comptes BeuduB, YoL IxxxTiiL No. 9. 
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The Lalande (Astronomical) Prize of the French Academy has 
been awarded to M. Stanislaus Meunier for his researches on the 
constitution of meteorites, which, in the opinion of the Academy, 
justify him in the conclusion that these bodies formerly belonged to a 
globe of considerable size which, like our Earth, has had its succes- 
sive geological periods and has afterwards broken up into fragments. 
The Valz Prize has been awarded to Dr. Julius Schmidt for his 
Map of the Moon. Editor. 

Ephemeris of the two Outer Satellites of Uranus. 

Titania. Oberon. 

8** G. M. T. Position. Distance. Position. Distance. 

'879- 01, 0,1 

Apr. 16 281*2 9'o i6*8 43*9 

17 2o8'9 23-6 9-5 44*9 

18 1942 33-8 i-o 37-0 

19 182-1 28-5 344"o 22*8 

20 146*2 12*1 280*2 12*1 

21 39*9 I7"4 2ig'6 23-4 

22 i8*3 31-7 203*3 37*4 

23 6*9 32*0 194*8 44*8 

24 346-6 i8*2 187*5 43'3 

25 242*8 11*4 177*8 33-5 

26 203*4 27*8 154*6 18*6 

27 190-9 33*7 75*4 13*4 

28 176*6 24*2. 33*6 27*4 

29 iio'S 9*1 207 39*9 

30 30*5 22*4 12*9 45*0 

May I 14-9 33'2 5*3 4i'2 

10 11*6 33*5 119*4 12*5 

II 357*9 24-9 45*8 20-1 

12' 299*3 9*3 25-5 34*4 

13 212*1 21*2 l6*3 43*2 

14 195*6 32-6 9*o 43*5 

15 1837 29*3 o*i 35*3 

A.M. 



Ephemeris of BrorserCs 


Comet (by Prof. Schulze). 


Berlin R.A. 


Dec. 


Logr. 


liOgA. 


Noon. h m 8 


' 






May 8 .... 7 21 45 


64 56-7 N 


9*9742 


9-8350 


10 ... . 55 44 


65 26*3 


9.9863 


9-8346 


12 8 30 12 


65 26*5 


9*9982 


9-8355 


14 ... . 9 3 49 


64 57*9 


0*0097 


9-8375 


16 ... . 35 22 


64 3*0 


0*0210 


9*8407 


18 10 4 6 


62 457 


0*0320 


9*8450 


20 29 44 


61 10*3 


0*0428 


9-8503 


22 .... 52 16 


59 21-3 


0-0533 


9*8567 
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Berlin 


R.A. 


Dec. 


Logt. 


Log A. 


Noon. 


h m 8 


1 






[ay 24 . 


. .. II II 58 


57 22-4 N 


0-0635 


9-8640 


26 . 


29 10 


55 17-1 


0-0734 


9-8721 


28 . 


44 13 


53 7-9^^ 


0*0831 . 


9-8811 


30 . 


•. " 57 27 


50 57-1 N 


0-0925 


9-8907 



The nearest approach to the Earth is on May 10, when the comet's 
distance from us is 0-68, or about 63 millions of miles. 

The comet was observed by Herr Strasser at Kremsmtlnster on 
March 14, and he finds the correction to the ephemeris to be —31' 
in R.A and — 3^*5 in Dec He describes the comet as bright, with a 
nucleus in the middle, and easy to observe. Mr. Tempel stales 
that on March 10 the comet M-as brighter than an 8-mag. star. 

Astronomical Memoranda, 1879, May. 
Sun, May i, sets 7** 20", rises 16^ 32™ ; May 31, sets 8^ 3", rises 

15*" 51" 

Equation of time: — Sun he/ore clock, May i, 2" 59*; May 31, 
2" 37'. 

Sidereal Time at Mean Noon: — May i, 2^ 36"*2; May 31, 

4* 34"'-5- 

Moon. Full, May 5, 18* 12"; Last Quarter, May 12, 14** 36""; 
New, May 20, 17*" 50"; First Quarter, May 28, 11** 37*. 

Occultations :--'May 3, 9** 19" ^Virginis Oc. D. 114°; May 9, 
15*^42"* B. A. C. 6490 Oc. R. 262°; May 26, 9^ 26" 54 Cancri 
Oc. D. 12°. The angles at disappearance (D.) and reappearance 
(R.) are reckoned from the apparent N. point towards the right 
hand round the Moon's circumference as seen in an inverting tele- 
scope. 

Mercury is a morning star, at greatest elongation W. (25° 40') 
on May 14, when he rises 34*^ before the Sun in the E.N.E. 

Ventts is an evening star, setting at 10^ 41^ on May i and at 
11*" id'^on May 31. Her disk is gibbous, the illuminated portion 
being 0-822 on May i and 0*696 on May 31, and the correspond- 
ing diameters i3"-2 and i5"-8. 

Mars is a morning star in the S.E., advancing through Aquarius. 
He is in conjunction with Jupiter and 53' S. of him on May 9. 
May i,K.A. 22*^ i8"'-9, Dec. 12° 14' S., tr. 19^ 42"',rises 14** 39". 
May3i, 23 41 -o, 4 i7 S., 19 6 , 13 23 . 

Jupiter is a morning star in the S.E., advancing through Aquarius. 
May I, R.A. 22^ 36"-8, Dec. 9° 44' S., tr. 19^ 58", rises 14'* 44". 
May 31, 22 51 '9, 8 21 S., 18 15 , 13 54 

Jupiter s Satellites. May 18, 14** 52", ii. Tr. E. ; May 19. 15^ 3™, 
iii. Oc. D. ; May 20, 14** 52", i. Tr. I. ; May 25, 14** 38", ii. Tr. I., 
U** 48". ii. Sh. E. 

Saturn is a morning star in Pisces, rising shortly before the Sun. 

Uranus is an evening star, in quadrature on May 21, and nearly 
stationary throughout the month, 8"" /. and 24' s, of Regulus^ 
about ^ of the way towards p Leonis. Editor. 
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